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L DISTRIBUTION AND HABIT, WITPI A REFERENCE TO 
ECOLOGICAL GLASSIFICATION 
By 

B. S. TRIVEDI and PRAKASH CHANDRA SHARMA 
Department of Botany^ University of Lucknow^ Lucknow, [India) 
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Introduction 

Studies on the hydrophytes of India received scant attention till about 1935. 
The first comprehensive work was produced by Biswas and Calder (1937), which 
dealt with the hydrophytes of India and Burma. In the last two decades quite 
a good deal of work has been done in certain parts of India. A few workers who 
have presented useful data may be mentioned here ; Misra (1946), Mirashi (1954, 
j), Kachroo (1956), Patnaik and Patnaik (1956), Chavan and Sabnis (1961) ; and 
Seervani (1962). Subramanyam has published a volume (1962) which deals with 
the taxonomic features of aquatic plants. 

The study of hydrophytes in Uttar Pradesh has been neglected. Duthie’s 
flora of the Upper Gangctic Plain of which Lucknow is a part, gives only the 
systematic account of the flora, leaving the ecology untouched. Dudgeon (1920) 
while describing the ecology of the Gangeiic Plain, gives only a short account of 
the hydrophytic vegetation. Plis studies are mainly focussed on the ecology of 
Allahabad. Kapoor (1962), in his paper ‘*On the Botany of Lucknow District” 
gives a list of species growing there, with a brief description of the vegetation 
including the plants which are found in and around the lakes and pools. Patil 
(1963) gives a general idea of distribution and floristic composition of some of 
the species growing in Lucknow. Recently Balapure and Srivastava (1964) have 
published a book on the vegetation of Lucknow district which gives a general 
idea of the hydrophytes occurring there. The authors are unaware of any com- 
prehensive work dealing directly with the ecology and distribution of the 
hydrophytes of Lucknow and environs. 

In the present l)aper the authors have tried to give a comprehensive account 
of the ecology and distribution of aquatic and marsh plants of Lucknow and 
environs. One of us (P. C. Sharma) has visited, the area of study, a number of 
times during the years 1962-64, the results of this study are given below. 
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YiOCfllitV 'i « ' * 

Tiiflrnow (26-52N and 80-58E) is situated on both the sides of the river 
Lucknow (2b the Gangctic Plain and also the Stale of Uttar 

PrfaAr Thi mean height of the distnet from the sea level is about 1 10 meters. 
The area of our study is roughly 140 sq. Kilometcrs-about 12 Kilometers on each 
side of the city, proper. 


Climatic Factors 

The climate of this area is continental and shows three well marked seasons 
VIZ. rainy winter and summer. The mean maximum temperature m winter is 
234‘^G in* the month of January (coldest month), while tlie iiiean maxmuim 
temperature in summer is 40-8°G in the month of May (hottest nmnth). Mean 

minimum temperatures vary from 8-4°G (in January) to 27-/ G (in June), 
(Sharma, 1959). 

Rains occur mostly in the months of June to October ( rainy season). 
There is a low rainfall in winter while very little or none in the sum met months. 


The average annual rainfall is recorded at 953*2 mm* 


m 


There is a strong hot dry north westerly wind in ihc summer months, 
locally known as it makes the weather very dry ; clue to its drying action 
and high temperature most of the plants perish. 

All the above climatic factors highly effect the vegetation, 'i’he fionds and 
puddles get filled up during the rainy months, 'riie water lcV(d starts receding 
in the beginning of winter and thus during winter months tlie ponds and pools 
show on their banks a green vegetation of wet meadow stage. Most of tliem dry 
up in the summer, leaving little or no indication of liydrophyiic vegetatiem that 
once existed there. 


Habitat 


Lakes, ponds, puddles, ditches, nalas, drains, the river tJomti am! Its 
tributaries are the common sites of occurrence of the hydrophytes. Many of’ the 
lakes and ponds occur near the roads or at a short distance from them. For 
convenience we have divided the area of study into 7 smaller areas as simwn in 
the map (fig. 1). Each of these areas has a number of situations wlirre the 
hydrophytes grow. The areas are : (1) City area (2) Kukrail area (3) Ismailffanp 
Chinhat area (4) Terhi Pulia*Basaha area (5) Mahibullahpur-Madiyavau area (h) 
Telibagh-Bangla-bazar area and (7) Mawaiyya area. 

Description of Habitat 


1. City area — This area is not very rich in aquatic vegetation due to hiotic 
factors. The area includes Khajuhajhccl in Aisbbagli area, Martinerc College 
tank, a few smaller puddles, nalas and the river Gomti as the chief habitats of 
hydrophytes. Moti Jheel in Aishbagh area is not very important in this respect 
because it is very poor in aquatic vegetation. The area around this Jheel is 
mdustiialised and due to accumulation of waste and oily industrial products its 
fertility has probably decreased and it has got a very few aquatic plants, Kdiaiuha 
^eel, being present near human habitations, is mainly used for the cultivation of 
and paddy crops.^ In addition to Trapa, there arc a few water plants in 
wild state m this lake with Eichhornla crassipes as the dominant. Martinere CollcL^r 

submerged plants : IJjdriUa vertidUata 
Ceratophyllumdemrsum, ^anichellia palustris, Folamogeton peclinaliis, l\ crisfiux and 
P. nodosus. On its banks there is a good growth of Marsilea sp. Common wetland 
plants which grow in abundance on the embankments of thae pondsTad peddles 
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are AUernanthera sessilis, Eclipla prostrala^ Cyperus spp. Ammania baccifera^ Polyionum 
plebejum, Rumex dentatus, Coronopus didymus and Marsilea sp. 

The Gomti passes through the city creating low lying areas along its course ; 
these remain submerged during the rains and show wetland vegetation in winter. 
Ranunculus sceleraius, common here, is not evident in other areas. Alkaline areas 
show the growth ot Bacopa monniera. Polygonum glabrum also grows profusely on the 
banks of the river. Plants which occur inside water are Eichhornia crassipes, 
Vallisneria spiralis^ Plydrilla veriicillata, Poiamogelon peclinalus, P. crispus and Cerato- 
phyllum dmersum- These plants may have come due to floods or may have been 
taken by the nalas or rivulets that fall into the river. 



Fig. L A map of the locality sliowiog the various habitats. 


2. Kukrail area— The Kukrail nala or rivulet is a tributary of|the river 
Gomti. The area near the Faizabad road bridge is fertile due to the deposition Ql 
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waste and excretory products. The rivulet has only a few water plants, amongst 
which Sadttaria sagittifolia, Scirpus mucronatus and Z^nichellia palustts, growing here, 
are not common in other areas. An excellent growth of Folygnnum gla I, mm has 
been observed on its banks. In muddy areas Typha angustata may also ho ..seen. 
ChdTCL sp. and Pfiteild sp. also occur sporadically. 


3. Ismailgdnj-Chinhdt ared—lhtre ate a few important potuls near Isnniil- 
ganj viz. Sotava tal. Bhojania tal, and Kamayya tal. Thc.se p.oiuhs are rich in 

aquatic flora and show a considerable number of plants during the rainy season 

and early winter months. Being located near the human habitation, ponds are 
used for the cultivation of and paddy, when water dries up, the 

bottoms of these ponds show the growth of Cyperus spp. Ammdnia bdccifera, Gnapkal- 
ium pulvindtum. Polygonum plebejum, Phyla noiijhrd and Alterndnthcra scssilis. Utricul- 
dridpxuosa and U. stelldns have also been collected from these ponds. U. flexuosa 
shows a much restricted distribution. 


Near Ghinhat there is a big lake ‘Kathauta tal’. The lake is about S-'l 
meters deep and does not dry up even in the summer months ; although the 
water level goes considerably down. Flora of the lake is very rich and it is 
represented by about 50 species. The chief of them are Eulihrnk crassipes, 
Nymphdea spp., Nymp hold es enstdtum, Hydrilld verlicillatd, Pislia slratioCes (these grow 
in slightly deeper water) ; Pl elumbo nucifera grows towards the central deeper part 
and Uiticuldria .Delians, U. fiexuosa, Ipomoea dquatica, Valluncna .tpirali.<.-, OtlHia 
alismoides, Nechamdtidrd alternijolid and Pleplunid oleraeva grow in sliallow water near 
the banks of the lake. Corchorus cdpsuldris, Astercdnihd lojigifolia, ’ sp[)., 

Bdcopd monniera, Dentella repens, Gdesulid axilldris, Ammanid baccifera juul Polygonum 
plebejum grow on the banks. 


m i.-P uw-This area includes ‘S-agara’ ponds present near 

Terhi Pulia and Basaha tal near Basaha and a few puddles here and there 'I’he 
area is poor in aquatic as well as wet land vegetation. Hygrory.m nrislata and 
PisHa siraliotes deserve mention in this locality. ’ 

T^i. This area includes ponds like lihida l-il 

Khotayi tal and Naboda tal. This area is rich in hydrophytic^veget.ation 'uul shows 
a considerable number of aquatic as well as wetland species. These i (> lul • e iled 
for the cultivation of Tru^a bispinosd in rainy and wiiiter mont T' , ow 1 
of Typhd dngustdid has been observed on the muddy embankments of .s.ime uimls 

rains"°SSte1prd::dS^^^^^^^^ 

liun. puhinalum, Mazul j!poaicL,Lonka^J^^^^^^^ 

latifolia collected from a nala near M^divaX i a n 1 fp. 1 e nagoclians 
Lucknow district. This plant has a vmy resreid dauUoT^''’' 

»■•= 

katal,Bhandari tal and a few Margovind 

of Rae Bareli road near Telifaagh Of these «nlmnknient.s 

est and it has some water even durin/ he L™- Hargovtnd fca tal’ is tlic deep- 
and few other ponds and puddles areLesent n?ir"’.h Dchihhera t.al 

branch canal near its 110th stone. In add tion m I Lucknow 

Banglaba^ar and Qila Mohammad nagar feg is shall 

S me lake is shallow but quite mensive. 
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It nearly dries up during summer. The lake is not very rich in hydropby- 
tic vegetation and is used mostly for the cultivation of paddy. The water appears 
to be entirely covered by rice plants and Eleocharis planioginea in rainy months. 
The canal, present in this area, itself has hardly any aquatic plants due to the fast 
flow of the water but the seepages from it are ideal for the growth of hydrophytic 
vegetation. Some seepages occasionally develop into puddles. Soil of the area 
being alkaline, the vegetation is not very rich, though, some tolerent species show 
good growth e.g. Typha angustaia, Bacopa monniera, Eclipta prostrata, Phyla nodiflora, 
Mternanthera sessilis, Fimbiistylis mlliacea, Fimbristylis schoenotdes, Scirpus supinus, and 
Cyperus spp. 

7. Mawaiyya area — This locality shows a vegetation almost identical to 
Telibagh area. This area includes a lake near Mawaiyya and a few ponds. Eick- 
hornia crassipes is the dominating aquatic species of this area. Hygroryza aristata, 
not evident in its neighbouring area (Telibagh-Banglabazar area), has been observ- 
ed in this locality. 

A few hydrophytes recorded by Kapoor (1962) or Balapure and Srivastava 
(1964) escaped being noticed by us probably because wc took only a part of the 
district into consideration. They are Malachra capitata Linn ; Jussiaea perennis 
(Linn.) Brenan., Eleocharis dulcis Trin., Scirpus articulatus Linn ; JSlymphoides indicum 
Thw., Limnophila heierophylla Bentin, L. indica (L.) Druce., Polygonum stagninUm Bueh- 
Ham., Enhydra jluciuans Lour. Cyperus esculentus Linn., Lemna oligorrhiza Kurz., 
and Dopatrium junceum (Roxb.) Buch-Ham. 

Ecological Classification 

The hydrophytes of this area may be classified under the following life 
forms ; depending on their relations with soil, water and air. 

A. Floating hydrophytes — Three types of plants are included in this category ; 
they arc : 

(1) Free floating on the surface of water^These are the plants which have no 

contact with soil. They float on the surface of water and are in 
contact with air and water only e.g. Spirodela polyrlnza,Wolffia arrhtza 
Pistia stratiotes, Eichhornia crassipes, tlygroryza aristala, Trapa bispinosa 
iind Azolla pinnata. r ^ ^ i i 

(2) Attached hydrophytes with floating shoots— hydrophytes are attached 

to the muddy floor by their roots, but their shoots come out and 
float on the surface of water. These plants are thus concerned with 
soil and water as well as with air e,g, Jussiaea repevs, Ipomoea acquatica 
and Neptunia oleracea, 

(3) Attached hydrophytes with floating leaves— ThesQ Site tho plants which are 

attached to the muddy floor, the leaves float on the surface of 
water ; while the stem (mostly rhizome) remain under water in 
contact with soil and water viz. in Nymphaea spp. and Njmphoides 
cristatum all the leaves float while in Potamogetori crispus and Otellia 
alismoidcs some leaves float on the water surface and others are sub- 
merged, 

JS. Submerged hydrophytes— which always remain under water 
surface are kept here ; these may be classified into two subgroups. 

(1) Suspended submerged hydrophytes — Plants which always remain submerg- 
ed in water without any contact with soil i,e, they arc not rpoted 
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’ to the soil, are placed here. The flowers may or may not come 
above the water level e.g. Ceratophyllum demersum and Uiricalaria spp. 

(2) Attached submerged hydrophytes—?laats which arc in contact with soil 
and water only. The vegetative portion remains completely 
submerged in water, while the flowers may coni(;_ ont of liic water 
snrhee, e.g. Hydrilla vertidllata, Putrnageton pectinatus, .Heohamandra 
alternijolia, Z<^mchi Ilia paluslris, Vallisncria .fpnalis, Chara sp. ;ind 
Mtella sp. 

C. Emerged hydrQphytes--?hnts Ave attached to the soil covered with water, 
but most of their vegetative parts come out of the water surface. These may be 
further sub-divided into— 

(\) Purely aquatic plantS’^?\2ints 2Lti^chtd to iho soil covered with water, 
being unable to survive in drier soils e.g, Sagittaria sagiUifolia and 
Scirpus mucronatus, 

(2) Amphibious plants — Plants, which usually grow in soil covered with 
water but can also survive in marshy or drier soils, viz, Aeschyriomcne 
aspera, A. indica^ Sesbania bispinosa, Polygonum glahratn. 

D. Wetland hydrophytes — Plants rooted to the soil usually saturaled with 

vvater, which may also survive in drier conditions in the later part of their life 
cycle. This group includes a large number of species growing within lids area like 
Eclipta prostrata^ Phyla nodiflna^ Alternanthera sessilis^ A. paronychioidex St. HilL 
Polygonum glabrum and Polygonum plebejum grow throughout the year or tor most 
of the year ; benghalensis, C. obligua^ Astercanlha longifolia ixxxd Cot chorus 

capsularis are common throughout the rainy season ; while Bacopa monnimi k found 
during rains as well as in winter. Veronica anagallis, Glinus oppositifolias^ G, lotoides^ 
Gnaphalium pulvinatumi CaesuUa axillaris and Ranunculus sceleratus grow in winter 
season only. 


TABLE I 

Showing taxonomic enumeration, habit, flowering period and distribiUwtt 
of the hydrophytic species 


Namelof the Family and species Habit 

^ ^ period 


Distribution of the species 
1 2 3 4 5 6 7 


isoetaceae 

1. IsoeUs coromandelina Linn. G.^ 

Marsileaceae 

2. Marsilea sp. (Susni Shak.) 

Salviniaceae 

3. Azolla pinnata R.Br. 

Ranunculaceae 

4. Ranunculus sceleratus Linn. D 


(Sita Sarson ; Jaldhania) 


•■!' -h + '1 1 " + *1 

... -1“ + -f’ ')' 'f- *+ 

Feb.— Mar, 


[ 6 3 



Name of the Family and species Habit 



Nymphaeaceae 


5. 

Nelumbo nmifera Gaertn. 
(Kamal) 

Gx 

6 . 

Njmphaea nouchali Burm. f. 
(Kokabeli) 

A 3 

7. 

JV. stellata Willd. (Kumudini) 
Cruciferae 

A 3 

8 . 

Coronopus didymus Sm. 

Malvaceae 

D 

9. 

Malachta capitata Linn. 
Tiliaceae 


10 . 

Cofchorus capsularis Linn. 

(Jute ; narcha, kalasaka) 

Leguminosae 

D 

11 . 

Aeschynomene aspera Linn. 

(Sola or Shola) 

Ca 

12 . 

A, indica Linn. (Tigajiluga) 

Ga 

13. 

Crotalaria medica^inea Lamk. 
(Gulabi) 

D 

14. 

JSfeplunia oleracea Lour. 
(Pani-lajak) 

Aa 

15. 

Sesbania bispinosa W.F. Wight. 
(Jay anti) 

Rosaceae 

Ga 

16. 

Potenlilla supina Linn, 

Lythraceae 

D 

17. 

Amtnania baccifera Linn. 
(Dad-mari) 

D 

18. 

Ammania salicifolia Monti. 

Onagraceae 

D 

19. 

Jussiaea perennis (Linn.) Brenan, 


20 . 

Jussiaea repens Linn. 

Aa 

21 . 

/. sujfruticosa Linn. 
(LaLbulunga) 

D 

22 . 

Ludwigia patviflora Roxb. 
(Bhalava auga) 

D 


Flowering Distribution of the species 
3 4 5 6 7 

Mar. — Aug. _ 

Jul. — Oct. + _ + + + + + 

Jul.— Oct. +- + + + + + 

Feb. — Mar. + + + - + __ 

R. S. 

R. S. _ _ 

R. S. 

R. S. 

Sep.— Jan. 

R. S. 

G. S, + + + _ + _ + 

G. S. + + + + + + + 

Oct. — Dec. - + + - + 

Mostly in 

R. S. + _ -I- + + + + 

R. S. 

R. S. - + + 
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Name of the Family and species 


Flowering 

period 


23. 

Trapa bispinosa Roxb. 

Ai 

R. S. 


(Singhara) 




Fi coidea e 



24. 

Gisekia pharnaceoides Linn. 

D 

G. S. 

25. 

Glinus lotoides Linn. 

D 

C. S. 

26. 

Glinus oppositifolius A. DC. 

D 

C. S. 


(Ghima Sak.) 



27. 

Molluga pentaphylla Linn. 

D 

G. S. 


Rubiaceae 



28. 

Denlella repens Forst. 

D 

G. S. 


Compos itae 



29. 

Gaesulia axillaris Roxb. 

D 

G. S. 

30. 

Bclipta prostrata Linn. 

Ga 

Most of the 


(Bhringaraja) 


year 

31. 

Enhydra fluctuans Lour. 



32. 

Gnaphalium pulvinatam Del. 

D 

G. S. 

33. 

Grangea maderaspatana Poir. 

D 

Greater part 


(Mustaru) 


of the year 

34. 

Sphaeranthus indicus Linn. 

D 

G. S. 


(Mundi) 



35. 

Xanthium strumarium Linn. 

D 

Most of the 


(Ban-okra) 


year 


Campanulaceae 



36. 

Campanula canescens Wall. 

D 

Feb.— Mar. 

37. 

Wahlenbergia gracilis Schrad. 

D 

Feb. — Mar. 


Primulaceae 



38. 

Androsace saxifragae folia Bunge 

■D 

Feb. — Mar. 


Gentianaceae 



39. 

Nymphoides cristatum Ktze. 

Aa 

Mar.— Jun. 


(Gumuda) 

o 

40. 

JV. indicum. Thw 




H ydrophylla ceae 



41. 

Hydfolea zeylanica Vahl. 
(Langali) 

D 

Oct.— Dec. 


Convolvulaceae 



42. 

Impomoea aquatua Forsk. 


G. S. 


(Nari or Keramua) 

a 


Distribution of the species 
1 2 3 4 5 6 7 

'I* « 4* 4- -f- 4‘ 4 


4- 

4 ' 4 - 

-f“ 4- 


4‘ ^ 4 

4* _ 

'I' ^ 


I 4- I 4' { 

4' 4 I 4 4 


4- h I- 1 
4* 4- „ 


4 - 4 - 


t I 


4 - 4 ' 
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Name of the Family aad species 


Habit 


Flowering 

period 


Distribution of the species 
1 2 3 4 5 6 7 


43. 

44. 

45. 


46. 

47. 

48. 

49. 


50. 


51. 


52. 


53. 


54. 


55. 

56., 


57. 


58. 


59. 


60. 


Gl. 

62. 


Scr ophul ar iaceae 

Bacopa rnonniera Pennell. D 

(Nira-Brahini.) 

Dopatrium junceum (Roxb.) 
Buch.-Ham. 

Limmphila lieterophylla Benth. 


L. indica (L.) Druce. 

Lindernia cruitacea Muell. D 

Mazus japonicus Ktze. D 

Veronica anagallis Linn, D 

Lentibulariaceae 

Ulricularia Jlexuosa Vahl. 

Utricularia stellaris Linn. f. B^ 

Acantbaceae 


Astercantha longifolia (Linn.) Nees. D 
(Kokilaksha or Talirnakhana) 

Hygrophila polyspertna T. Anders. D 


Verbenaceae 

Phyla 7iodiflora Green. (Ludra) D 

Amaranthaceae 

AUernanthera paronycliioides St. D 

Hill, 

AUernanthera sessilia R.Br. D 

(Mokunuwanna) 

Polygonaceae 

Polygonum glabrum Willd. D 

(Sauriasafcj jioti) 

P.plebejurn R,Br. (Raniphul) D 

P. slagninum Buch.-Ham. 

liurnex dentatus D 

Ceratopbyllaceae 

Ceratophyllum demcrsarn Linn. 
Hydirocbaritaceae 


Hydrilla verticillata (L. f.) Royle Bg 
(Jhangi Kurcli) 


Sep. — Nov. - + + + ‘t 

R. S. & G. S. + + 

G. S. ^ 4 + 4 - + 

C. S. 44 + -. + «... 

R. S. & G. S. - - 4 ---- - - 

R. S, - - 4 - 4 4 + 

C. S. + + + + 

R. S. + + + . ^ 

Most of the 4 + 4 4 4 4 4 

year 

R. S. 4 4 4 - - - - 

Most of the 4 4 4 4 4 4 4 

year 

G. S. 4 4 4 4 - - - 

Gold and 4 t 4 4 444 

Summer S. 

o^s. + + + + + + + 

•f + + + 4- -f *1' 

4. ^ 
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Name of the Family and species Habit 


Flowering 

period 


63. J^echamandra aliernifolia (Roxb.) 

Thw. 

64. Otielia alismoides Pers. Pa 

65. Vallisneria spirallis Linn. B2 

(Punastsu) 

Pontederiaceae 

66. Eichhornk crassipes Solms. 

(Kachuri pana, or Jalakumbhi) 

67. Monochoria vaginalis Presl. A3 

ex Kunth. 


a s. 

Cold and 
Summer S. 
G. S. 


Rainy and 
Cold S. 


Distribution of the species 
1 2 3 4 5 () 7 


4. 4, .f .f. + 4 


Commeli ti acea e 

68. Commelina benghalensis hinxi* D 

(Kanchura) 

69. C. obliqua Buch-Ham. (Kan jura) D 

70. Murdannia nudijlora Brenan. D 

Typhaceae 

71. Bory, et Chaub C2 
(Pater) 

Araceae 

72. Pistia stratiotes Linn, Ai 

(Takapana) 

Lemnaceae 

73. Lemna oligorrhiza Kurz. 

74. Spirodela polyrhiza (L.) Schleid. 

75. Wolffia arrhiza Wimm. Aj, 

AHsmaceae 

76. Sagittara guayanensis H, B. K. C^ 

77. S, sagittifolia Linn. C, 

(Chota-kut) 

Butomaceae 

78. Tenagocharis latifolia (D. Don) D 

Buchen. 


R. S. + ‘I- 

R. S, - 4 f + ^ ^ ^ 

Sep.— Nov. f t 4 

C, S. - ^ f + 

Summer S. ~ f f « ^ 

G. S. f f f f t 4 f 

C. S. ^ ^ 

c. s. ^ 

G. S. 


Aponogetonacea e 

79. Aponogeton crispum Thunb. Br» 

12 

80. A. natans (L.) Engl. & Krause, a 

(Ghechu) ^ 


.« 

.f. ^ 
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Name ot .he Family a ad specie. Habit "'’“".'TS 

P"'”'’ 1 2 3 4 5 6 7 


Fotamogetonaceae 

81 . Potamogeton cnspus Linn. 

(Sewal) 

82. P, pectinaius Linn. 

83. P. nodosus Poir. 

Naiadaceae 

84. Z^hichellia palustris Linn. 

Cyperaoeae 

85. Cyperu^ arisiaius Rottb. 

86. C. differ mis Linn, 

87. C. digitatus Roxb. 

88. C. distans Linn, 

89. C. esculenius Linn. 

90. C. iria Linn. (Bura-chucha) 

91. C. rolundus Linn. (Motha) 

92. Cyperus sp. 

93. Eleocharis dulcis Trin. 

94. Eleocharis plantaginea R.Br. 

(Narai) 

95. Fimbristylis miliacea Vahl. 

96. F, sclioenoides Vahl. 

97. Scirpiis articulatus Linn. 

98. 5. mucronatus Linn, 

99. S. supinus Linn. 

Gramineae 

100. Echirwchloa sp. 

101. Hygroryza arisiata Nces. 

(Jangli dal.) 

102. Oryza perennis Moench. 

103. Paspalidiurri geminaium (Forsk.) 

Stapf. 


Mar,— -Apr. -f- -f- -i- f 


... 4 + f ... 4 ™ 4 

Ca R.S. 4 4 4 -- 4 - 4 

R.S. 4 - t 4 t 

Ca as. - 4 4 - 4 - - 

D G.S. 4 + 4 4 4 4 4 

D Most of the 4 4 4 4 4 -l- 4 

year 

Co; ... --44- 4 -- - 

Gj^ G. S. — 4 4 i" 4 4 

D R.S. - 4 - 4 - 

D R.S. - ^ ^ 4 » 

C]L Most of the ~ 4 - 

year 

I) Most of the 4 - - 4 - 

year 

1) G. S. + + + -.- 4 j- 

Aj G. S. - - 4 4 4 

R.S. - 4 ^ + 4 

Cg R. and C. S. 4 + 


Bjj, Jan. —Mar. 4 4 4 - - - - 
Feb. — Mar. 4 

Bn G. S. 4 4 4 - — — — 


Ai, Free floating on tbc surface of water ; A^, Attached with floating shoots ; A^, Attached 
with floating leaves ; Suspended submerged ; B^, Attached submerged ; C,, Purely aquatic 
emerged ; G*, Amphibious emerged ; D, Wet land plant ; C. S., cold season ; R. S. rainy season, 
q- e: present, - =: absent, 

1 r City area ; 2 = Kukrail area ; 3 = Ismailganj-Chinhat area ; 

4 = Tcrhi-pulia-Basaha area ; 5 = Mahibullahpur-Madiyavan area j 
§ =: Tclibagh-Bangala Ba^ar area ; and 7 = Mawaiyya arc^. 

[ n 1 


Discussion t nko the river ( Jomli and its 

The ponds, puddles and of and' show only a sn.all number of 

tributaries become Med banks ; these are luchhmua mtssipes, 

aquaiic species on their sur futUrhi^a and Trnpa Inxptrw.ia etc. 

.!»■ CO., iu, ol wc. 

When after the ra, Mygonum Mnn, I'kfla mdijhra, 

vegetation e.g. ^ pulvinatum, Rumex derUatus. Vmnwi pinagdlu, kphner- 

Alternanthera sessilis,Onaphaiiumpui,mfa^ , annearance. 'I he rainy season 

anthus_ ^ spp., Mumbo riudfern and Ipimnca aquatim 

aquatics »i2. inter plants like Hydtilla verticillnta, Rotmwgelon spp., 

“;”7 ? Mto * -‘I'C Go,.,.i l,..«o a 

Zanichelha palustns ^ an aoDreciable grow th of which has been observed 

*^by^us°neaT'^the'*military krm during winters. Many of the submerged and 
emerged species, not seen during rains, become evident then. 

The anuatic flora of the perennial ponds is characterised by the occurrence 
of the species like Nelumbo nucifera, Nymphoides cristalm, tnduum ixml^Trapa 
bispinosa etc. Hydrilla verlkillata not seen during rains becomes evident in winter. 

^ Wet land vegetation of Usar soil is characterised I y the preponderance of 
Bacopa, monniera, Scirpus supinus, Fimbiistylis schoenoides , F. miliacette, Cyperus dtprtms 
Typha angustata. 

The most common aquatic plants of the locality are huhimtda cr(ts\npfa^ 
Trapa bispinosa, J<ymphaea spp., Ceratophyllum demersurn Spirodela polyrliiza and HydriUa 
veriicillaia. Due to gregarious growth of Eichhornia crassipes lhrou[;houi the area as 
well as due to the cultivation of Trapa and paddy crops on a lai>je scale, the 
natural aquatic flora of this locality is becoming poor. A primitive species hke 
Raunculus sceleratas not recorded in Central Indian region is represented lime. 

Present communication includes 103 species of vascular plaiiLs. On the 
basis of our investigations the following taxonomic data cotild lie given. 



Families 

Genera 

Species 

Pteridophyta 

Isoetales 

1 

1 

1 

Hydropteridineae 

2 

2 

«} 

Angiosperms 

Dicotyledons 

24 

4(i 

57 

Monocotyledons 

13 

26 


Total 

40 

75 

lO.) 

l-Cot. 

1 ; 1-8 

1 : 1'8 

l : l-i 

2-Cot. 


The total number of hydrophylic species encountered here is i^reater as 
compared to the number of hydrophytes enlisted from the otlun' parts of the 
country. Mirashi (1954, 1957) reported 53 and 64 hydrophytic species inclmling 
Pteriodphytes from Nagpur and Dinred, respectively. Cliavan and Sal)nis (IPfil) 
reported 58 hydrophytic species from Baroda. Scervani (1962) reportetl HB species 
(including the plants of dried banks) from Jabalpur. Wc have recorded 103 
hydrophytic species. Herice when we compare the total number of species 
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growing in Umred and Jabalpur (Central Indian region) with that of Lucknow 
and environs (a part of Llpper Gangetic Plain), the ratio comes to about 1 : 1*7 
and 1:1-2 respectively. 

The distribution of the hydrophytes is quite interesting. On the basis of 
the table 1 given in the text we find that Ismailganj-Chinhat area is the richest 
among all the areas, its hydrophytic vegetation is represented by about 65 
Species. 

Four species of the total hydrophytes described here, however, do not 
actually occur in the area of our study, but are recorded from neighbouring 
places, three of which, Isoetes coromandelinay W ahlenbergia gracilis and Androsace 
saxifragaefolia were collected from Babaganj (near Itaunja railway station), while 
the fourth one, Monochona vaginalis was found growing near Mohanlalganj. 

Three species of hydrophytes Tenagocharis latifolia (D. Don.) Buchen., Androsace 
saxifragaefolia Bunge and Hydrolea zeylanica Vahl. are new records from the 
district, .(.^haima 1964). Occurrence of Hydnlea zeylanica Vahl. has been recorded 
also by Balapure and Srivastava (1964). 

The ecological classification given here is based on the relation that the 
plant has with soil, water and air. We have emended Mirashi’s (1957) scheme 
and have tiued to place the plants in more clear and definite categories. The 
floating hydrophytes have, therefore, been placed in three categorieS“-(l) free 
floating hydroph>tes^ (2) attached hydrophytes with floating shoots and (3) attach- 
ed hydrophytes with floating leaves only. Mirashi placed categories (1) and (2) 
under a single heading and called them ‘floating hydrophytes’. Cases like Ipomoea 
aqualica and Jussiaea upsns, etc. (attached plants with floating shoots) necessitated 
the creation of a separate category to accommodate plants with only one charac- 
ter. Thus there arc two categories (1) and (2). A third category (3) includes 
‘attached hychophytes with floating leaves only’. It goes with the former two as 
it does not seem proper to exclude the plants with floating leaves only, separate 
from plants with floating shoots, as the leaves form the major vegetative part of 
the shoot, c.g. Mymphaea and N^wphoides have only one type of leaf which floats 
on the surface of water and constitutes the major vegetative part of the plants. 
Mirashi kept this catcgoiy quite separate from floating hydrophytes. He placed 
the suspended submerged hydiophytes and attached submerged hydrophytes under 
ciuite separate categories. We have kept both the categories— (1) suspended sub- 
merged and (2) attached suhmcxged hydroph)tcs— under a single group— submerg- 
ed hydrophytes’— as both these categories include plants which have their entire 
vegetative parts covered by water. Emerged hydrophytes include two categories— - 
(1) purely aquatic plants, including the forms that grow in water with atleast 
their leaves coming out above the water surface ; they are, however, unable to 
grow outside water and (2) amphibious plants, including such plants which grow 
in water and arc also able to adapt themselves to an environment having low 
percentage of water i.e. moist soil. Mirashi placed the above two categories 
separately. The last group— ‘wetland hydrophytes’ — includes the plants growing 
in the soil rich in water content — a group similar to that described by Mirashi. 

Swmiiiary 

1. The area of our study has been divided into seven smallar units for 

convenience and more intensive study. 

2. Description of the lakes, ponds, puddles, ditches, the river Gomti and 

its tributaries, with a short account of hydrophytic vegetatiop rpet 
within these habitats, is given. 
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3 An ecological classification of plants based on the interrelauons ol 

with soil water and air is given. 

1 . A .able .bowing di.tribu.ioo, h.bi. and 

and wetland plants occurring within the area ih give ^ ^ 

5. Three species have been newly recorded from Lucknow district during 

the course of this study. 

6. A map showing the area of study is given. 
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Introduction 

Raunkiaer (1934, 1937) proposed a classification of plants into several Life- 
Forms on the basis of adaptation of the plants to survive the unfavourable 
seasons. Special emphasis was laid on the method of protection of buds during 
unfavourable conditions, on the survival of which depended the further existence 
of an individual. This system also takes into consideration the size and habit of 
the plants. He believed that the plant climate may be investigated through 
the critical approach to the biostatistical study of Life-Forms of an area. 

Such type of studies have received scant attention in India. Borgesen 
(1929) studied the vegetation at Dwarka and also produced a Biological 
Spectrum. Bharucha and Ferreira (1941) made a study of the Biological 
Spectrum of Madras, Matheran and Mahabaleshwar which supported the 
Raunkiaer’s hypothesis. Recently Lakshmanan (1962) investigated the Biological 
Spectrum of Vihar-lake forest and concluded that his studies do not support the 
Raunkiaer’s hypothesis. 

Dudgeon (1920) published a comprehensive account on the ecology of Upper 
Gangetic Plain, concluding that the vegetation of Upper Gangetic Plain, where 
annuals dominate at present, would have been in thorn scrub stage (— ■ phanero- 
phytic) if it would have not been disturbed. Srivastava (1944) made a study 
of the flora of Allahabad ; published the Biological Spectrum of Allahabad 
Flora and concluded that the percentage of Therophytes is highest in that 
locality. Anderson (1859) was the first to publish a paper on the Flora of 
Lucknow, which has later on been reinvestigated by Kapoor (1962), Patil (1963); 
and Balapure and Srivastava (1964). Kapoor recorded 914 species of cultivated 
and wild flowering plants (including 5 cultivated Gymnospermous species) from 
Lucknow district. We have included only 560 species in the present communi- 
cation, as the rest of the species, except few which could not be clearly demar- 
cated into Life-Forms, are cultivated and may not be regarded as the constituents 
of the natural vegetation. Although the vegetation of Jhis locality is subjected to 
biotic factors, we have tried to exclude the eultivated species in this study. 

For the present investigation help was also taken from the works of Bor 
(1940), Brandis (1911), Duthie (1888 and 1903-29), Haines (1921), Hooker 
(1872-97). 

PHYSICAL FEATURES 

Topography 

The district of Lucknow lies between the parallels 26° 30' and 27° 10' N. 
and 80° 31' and 81° 13' E. Its height above sea level is about 110 meters. It 
is situated in the central region of the Upper Gangetic Plain. There are 
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numerous lakes and ponds in the district, most of which dry up c uimf, the 
summer months. The soil ranges between clay to sandy clay and sancL I atchcs 
of Usar soil, and beds of soil and kankar are occasionally also met with. 

Climate 

Rainfall. The total average rainfall for Lucknow in 1958 has Immi recorded 
at 953*2 mm. (Sharma 1959). About 92% of the total rainfall occurs from mid- 
June to the beginning of October (rainy season). Winter (November to ludiruary) 
and summer (March— May) seasons receive only 5 and 3 percent rumfall rcs|)ec- 
tively. This periodicity of rainfall greatly effects the soil moisture and relative 
humidity. 



Fig. 1. Hydrotherm figure, 

great range between the winter and .Lmer temperatu.es CT.Ze ))' " “ 

v“tg“ .ws;.rrv^r.«w s”ur.e;;"::;;”;r;t 

there SlISt^^hTt^SratlS 

hir. there are an eloniXie .rS„“fi.rir"iS“?^ 

however, below in winter on armnnt rtf .k "ih". Ihc light intensity may 

dust of the summer considerably cuts it doTn iT sems" to r‘’'‘ 
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*TABLE 1 


au 


Months 

Average 
rainfall 
in mm. 

Temperature in 0°G 

Relative 

humidity 

/o 

Wind 

movement 

Mean Mean 

Maximum Minimum 

Direction 

Velocity in 
miles per hr. 

January 

17-6 

23-4 

8-4 

64 

NW 

1*3 

February 

15-5 

25-9 

10-8 

57 

NW 

1*7 

March 

8-4 

32-7 

15-9 

38 

NW 

2*3 

April 

5-3 

38-6 

21-6 

29 

NW 

2*4 

May 

16*5 

40-8 

25-8 

37 

NW 

2*5 

June 

107-0 

39-0 

27-7 

57-5 

NW 

2-6 

July 

289-0 

33-6 

26-4 

78-5 

SE 

2*2 

August 

273-0 

32-6 

25-9 

81-5 

SE 

1*9 

September 

176-1 

33-4 

24-8 

76-5 

SE 

1*7 

October 

32-2 

33-1 

19-2 

65-0 

SE 

T1 

November 

4-8 

28-9 

12-3 

62-5 

NW 

0*9 

December 

7-8 

24-4 

8-5 

67-0 

NW 

0-J 


NW=: North-westerly. SE = South-easterly. 

»The climatic data have been taken from District Gazetteer. (Set Sharma 1959). 


TABLE 2 


Biological Spectrum of Lucknow and some other regions. 


Regions 

No. of 
species ■ 

The percentage distribution of the 
the Life-Forms 

species among 


L E & S 

MM 

M N 

Ch 

H 

Cr 

Ih 

Normal 

400 

4 

6 

17 20 

9 

27 

4 

13 

Death Valley 
California 

294 

3 

- 

2 21 

7 

18 

7 

42 

Libyan desert 

194 

- 


3 9 

21 

20 

5 

42 

Tripoli 

369 

- 

0-3 

16 

13 

19 

11 

51 

Allahabad 

628 

3-1 2-7 

3 

17-6 11-6 

9-2 

3-4 

7-8 

41-6 

Lucknow 

560 

3-4 1-9 

4-4 

4-6 11-5 

3-3 

10-2 

8-5 

52-2 


L=: Lianas, 8 = Succulents, E=: Epiphytes, 

MM = Meso and mega phancrophytes, M = Microphancrophytes, 

N = Nanophancrophytes, Oh = Chamaephytes, H = Hcmicryptophytes. 
Or Oryptophy tes, Th= Therophytea. 
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Fig. 2. Graph showing annual rainfall and humidity. 


Hydtotherm Figure 

The hydrotherm figure (fig. 1) IS obtained by plotting the data of rainfall 
and temperature in the same graph. Data regarding the huinidity and the 
rainfall have also been plotted together in a separate grapli (fig. 2)* From 
figs. 1 and 2, it is clear that there are three well pronounced seasons similar to 
that described for Allahabad by Srivastava (1944). 

(1) The rainy season (mid-June to mid-October) i^ characterised liy liigh 

rainfall, high temperature and humidity and low insolation. 

(2) The winter season (November to February) is cliaracterised by low 

rainfall and temperature, and high humidity and insolation. 

(3) The summer season (March-May) is characterised by low rainfall 

and humidity, and high temperature and insolation. 
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Biological Spectrum 

^ Lucknow, a part of Upper Gangetic Plain, lies in the sub-tropical zone. It 
receives 90-100 cms. annual rainfall, mostly between July to October (rainy 
season). Winter and summer seasons are almost dry. Such an area with hot dry 
summer and almost dry winter, lying in the sub-tropical zone, does not 
precisely fit into any of the four plant climates of Raunkiaer. The three climatic 
seasons have each a distinct vegetational growth period. A majority of her- 
baceous plants which grow during rains and winter are not able to survive the 
hot dry summer. The rainy season annuals find even the winter unbearable ; 
most of them, therefore, conaplete their life cycle during the rains but persist 
in the form of seeds in unfavourable seasons. 

In table 2, are given the Biological Spectra of Lucknow, Allahabad, Death 
Valley California, Libyan desert and Tripoli and also a Normal Spectrum. All 
the five localities mentioned above lie in the sub-tropical zone and their 
Biological Spectra are known. The first two are characterized by a hot dry 
summer and an almost dry winter but the latter three have a dry summer and a 
humid winter. The Biological Spectrum of Lucknow reveals that the 
Therophytes are in preponderance (Th = 52*2%) ; they are about four times of 
that in the Normal Spectrum, where they are only 13%. 

The groups next in importance are Nanophanerophytes (11*5%), Hemi- 
cryptophytes (10‘2%), and Gryptophytes (8*5%). But out of these, the percentage 
of Gryptophytes only exceeds that of the Normal Spectrum, where they are 4%. 

The preponderance of Thecophytes in Lucknow Flora makes it comparable 
to that of Allahabad where the Therophytes are 41*6%,. 'fhe Biological Spectra 
of Lucknow and Allahabad — both areas within subtropical zone, with a dry 
summer and almost a dry winter — arc almost identical in that both have a per- 
ponderancc of Therophytes. This is comparable to the Bilogical Spectra of Death 
Valley California, Libyan desert, and Tripoli where the Therophytes are 42%, 
4 : 1 % and 51% respectively. Although geographically situated far from one 
another, yet all the three areas have a humid winter and are situated in a 
sub-tropical zone. 

Our observations clearly indicate that even in a sub-tropical zone with an 
almost dry winter the Therophytes preponderate ; indicating a clear affinity 
with sub-tropical regions with a humid winter. Our data, therefore, extend 
the scope of Raunkiaer’s hypothesis. 

Our findings are in consonance with Dudgeon’s (1920) conclusions that the 
annuals dominate in this region. Varma (1936) has also concluded that there is 
a seasonal change of flora from tropical to temperate and to desert conditions ; 
thus a certain species which exists in one season may not continue to grow in the 
next. 

Suxnniary and Conclusions 

1. A biostatistical study of the flora of Lucknow has been made on the 
basis of Raunkiaer’s Life-Form system. 

2. The flora of Lucknow is characterized by the preponderance of 
Therophytes. 

3. A comparison between the Biological Spectra of Lucknow, Allahabad 
(regions in the sub-tropical zone with almost dry winter) ; Death Valley 
Galiforoia, Libyan desert, and Tripoli (regions in the sub-tropical zone with 
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winter rains^ is made and it is shown that the regions in the sub-tropical zone 
S be characterized by a Therophytic climate as 

adlocated by Raunkiaer for the regions in sub-tropical zone with humid winter. 
Our data, therefore, extend the usefulness of Raunkiaer s system. 
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EFFECT OF DIET ON THE PERCENTAGE OF WINGED MALES 
IN LACCIFER LACGA KERR (COGGOIDEA ; HEMIPTERA)* 

By 

K. G. BOSE and G. P. TULSYAN 
University Department of Ranchi University, Ranchi 

[Received on 22nd January, 1965] 

Introduction 

Dimorphic males are of common occurrence in aphids and coccids. But 
information on the factors affecting the relative proportions of the winged and 
apterous forms in coccids is obscure. Divergent views have been held by some 
authors in the case of aphids. Evans (1938) is of the opinion that the propor- 
tion of winged forms of Brevicornye brassicae varied with the protein content 
of the host (cabbage) plant. Schaefer (1938) correlates the variations in the 
percentage of winged forms to the water balance of the immature insect. Partial 
starvation resulting in a lesser water content increases the percentage of winged 
forms. Shull (1942) supposes that a lower temperature and intermittant light 
may be responsible for a higher yield of alate forms. The present study was 
undertaken to study the effect of partial starvation on the percentage of winged 
males in the Indian lac insect, Laccifer lacca Kerr. (fam. Lacciferidae). 

Observations 

During the course of observations on the population of males“in the Katki 
and Agahni crops of Laccifer lacca in the year 1961 it was noticed that a few winged 
forms were also present which were so far thought to be totally absent in these 
crops (Negi 1929, Misra 1931, Glover 1937). It was noticed that the winged forms 
were confined to the harder portions of branch of the host tree and in an earlier 
stage of development than the apterous forms. In the following year (1962) 
a certain percentage of the brood of the winter crops were subjected to partial 
starvation in the following ways : 

L Delay in innoculation ; 

2, Using uncommon host plants ; 

3. Using common host plants made unsuitable by avoiding prior prun- 

ning, etc. 

The samples under experiment yielded a considerable number of winged 
forms (3% to 5% of the total population of males, Table I). The experiments 
were further tried on the summer crops resulting in the increased production 
of the winged forms over the usual and normal percentage, found thereon 
(Table II). 

When uncommon host plants were used the precentage of winged forms 
in the summer crops went upto 78% of the total population of males. 

^The paper forms a part of the thesis submitted by the Junior author, G. P. Tulsyan for 
the Ph»I^. degree of Ranchi University, Ranchi. 
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TABLE I 


mmler of winsed forms per 1000 population of males under normal and treated 
in ififl winter orotss QC^tki and Affiihni 19o2\ 




Host tree not 
prunned, innocu- 
lation normal 

Host tree 

Host tree not 

Crops ^ 

Under nor- 
Qcial conditions 

prunned, innocu- 
lation delayed by 
12 days 

prunned, innocu- 
lation dcdayed 
by 12 days 

Katki 

nil 

1 

6 

48 


nil 

nil 

4 

50 


nil 

2 

8 

51 


nil 

nil 

5 

51 


1 

nil 

9 

52 


nil 

nil 

6 

49 


nil 

nil 

7 

50 


nil 

1 

4 

48 


nil 

nil 

9 

48 


nil 

nil 

5 

49 

Mean 

rare 

04 

6-3 ±27 

49-r)±2-4 

average 





Agahni 

nil 

1 

3 

29 


nil 

nil 

5 

32 


1 

2 

2 

27 


nil 

1 

1 

29 


nil 

nill 

nil 

32 


nil 

nill 

7 

31 


nil 

1 

8 

30 


1 

I 

10 

29 


nil 

2 

4 

32 


nil 

nil 

2 

27 

Mean 

average 

rare 

0-8 

4-2 

29-8±2-8 


[ 22 ] 


TABLE II 


jSTumber of winged forms per 1000 population of males under normal and treated 
conditions in the summer ciop (Baishakhi and Jethwi 1963) 


Under nor- 
” mal conditions 

Host tree not 
prunned, innocu- 
lation normal 

Host tiee 
prunned, innocu- 
lation delayed by 
12 days 

Host tree not 
prunned, innocu^ 
lation delayed 
by 12 days 

Baishakhi 440 

468 

524 

570 

456 

470 

530 

564 

442 

475 

528 

555 

464 

480 

536 

568 

466 

474 

537 

562 

467 

482 

520 

558 

458 

487 

513 

556 

470 

470 

514 

560 

440 

476 

532 

564 

446 

484 

518 

565 

455 ±15 

average 

477±17 

525 ±12 

562±8 

Jethwi ■ 364 

405 

416 

443 

370 

392 

422 

438 

384 

390 

415 

430 

378 

404 

402 

436 

396 

410 

399 

458 

398 

396 

421 

461 

362 

378 

427 

448 

374 

385 

408 

436 

380 

388 

409 

456 

396 

392 

422 

425 

388±18 

average ^ 

394±16 

415±14 

443 ±18 


Discussions 

The present author’s (Tulsyan^ 1964) genetical studies on the two forms of the 
male lac insects have established that they are identical in their chromosome 
number and morphology. Moreover, their absence in the winter crops and 
wide variations in the relative proportion in the summer crops cannot be 
explained genetically. The available information on the factors affecting their 
relative proportion is confined to the aphids where the most tangible explanation 
is suggested by Shaefer (1938) who beleives that a lesser water balance of the 
immature insects caused by partial starvation would result in a higher percentage 
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of the winged forms. The present studies go in favour of Shaefer’s contention. 
A delave^oculation ; use of unsuitable host plants etc. would inevitably cause 
partiaUtarvation of the feeding larvae. The two factor.s, namely the use of 
Shunned host plants and delayed innoculation when tried separately gave a 

Tean average increase of 2 - 2 % and 70/0 respectively (over the normal percentage 

of winged forms in the Baishakhi crop). While the two factors taken ogethcr gave 
an increase of nearly 13-7% in the same crop. The corresponding ligures m the 
case of Jethwi crop being 1-4%, 3-5%, and 6-3%. The unsecrriingly higli i.ercentag.; 
of winged forms recorded on uncommon host plants furnishes a conclusive piooi 
of the effect of starvation on the percentage of winged forms, hroin a scrutiny 
of the table on the longevity of the males in Misra’s (1931) paper it would appear 
that the two forms emerge at about the same time. This goes contiaiy to the 
present authors’ findings. We have noticed that in normal cases the winged 
forms are delayed by nearly two weeks in their emergence over the apterous ones. 

In all the four crops partially starved larvae have yielded a greater per- 
centage of winged males than the normally fed ones. 


Snmmair y 

The effect of partial starvation on the percentage of winged males is dbcu.s.-ietl 
in light of the observations made during the years 1962 and 1963. It has been 
noticed that there is a considerable increase in the percentage of winged forms 
following partial starvation of the immature insects, lartial starvation wa.s 
induced in three ways t (il delayed innoculation , (li) use of uncommon host pl.ints 
and (Hi) use of common host plants made unsuitable by avoiding pruiming. The 
occurrence of winged forms in the winter crops i.e. the Katki and Agahni crops arc 
reported for the first time. 

Acknowledgement 

The authors are grateful to the Indian Lac Cess Committee for financing the 
scheme. 


References 

Evans, A. G. Physiological relationships between insects and their liost 
plants. 1. The effect of the chemical composition of the plant on 
reproduction and the production of winged forms in Breviconm btassicoe 
L. (Aphididae). Ann. appL Boil., 25 : 558-572, 1938. 

Glover, P. M. Lac cultivation in India. Indian Lac Research Institute 
Numkum, Ranchi, Bihar, India, 1937. 

Misra, A. B. On the internal anatomy of the male lac insect, Laccifer lacca 
Kerr (Homoptera, Coccidae). Proc. Zool. Soc. Land., 1359-1381, 1931. 

Negi, P. S. A contribution to the Life history of the lac insect, Laccifer 
(Jachardia) lacca (Coccidae). Bull. Ent. Res., XIX 4 : 327-341, 1929. 

Schaefer, G. W. Physiological conditions which produce wing development 
in the pea aphid. J. Agri. Res., 57 : 825-841, 1938. 

Shull, A. F. The mechanism through which light and heat influence genetic 
factors for wmg development in aphids. J. Exp. ZooL, 89 : 183-19'), 1942. 
Tulsyan, G. P. Studies on the histology and cytology of the leproductive 
organs of certain Hemipterous insects (Goccids) with special reference 
to the lac insect. Ph.D. thesis Ranchi Univ., 1964. 


t 24 ] 



NEW RECORDS OF SPECIES FOR “FLORA OF ALLAHABAD’’ 

By 

T. RAJAGOPAL 

Botanical Survey oj India, Central Circle, Allahabad 
[Received on 31st December, 1964] 

Consistent with the objectives of the Botanical Survey of India for bringing 
out the “Floras” of the towns/cities where the regional circles are situated and 
bearing in mind the inadequacy of the information contained in the “Flora of 
Allahabad” by G. D. Srivastava (1938 ; 1949) a scheme for the preparation of an 
“Illustrated Manual” on the flora of Allahabad dealing with wild and exotic 
elements in the flora of this University town was initiated immediately after the 
inauguration of the Central Circle of Botanical Survey of India in 1962 at 
Allahabad, In 1964 the scheme was turned into a research project and the 
author joined as research scholar in July, 1964. 

The area for this “Manual” is delimited by natural boundaries in the north 
and east by the river Ganges and in the south by the river Yamuna ; Bamrauli 
has been treated as the western-most boundary. 

Based on sporadic collections made in 1962 and 1963 by Central Circle, 
Botanical Survey of India and considering “Flora of Allahabad” (Srivastava l.c.) 
as the basis for comparison, abstracts of two papers, listing therein about 15 species 
as new records for Allahabad were published in the Proc, Ind. Sci. Cong. {c.f. Panb 
grahi and Arora 19G2 ; Arora et al 1964). 

A thorough study of about 700 field nos. collected so far establishes 17 more 
species, excluding the family Gramineae, as new record of species for this area 
considering the works of Srivastava (1938 ; 1949) Panigrahi and Arora (1962) and 
Arora et al (1964) as the basis for comparison. Since the species reported by 
Panigrahi and Arora (l.c.) and Arora el al (l.c.) are mere lists of names, this paper 
presents description of the habit and notes on habitat, phenology and locality ot 
occurrence of 24 species including those listed by them. The latter are asterisked 
in the enumeration appended to this paper. Short comments on the distinguish- 
ing characters of these species from their allied earlier recorded ones from this 
area, have also been given against each species and illustrated diagrams depicting 
the habit and floral parts have been drawn only against species indicated. A full 
paper dealing with about 350 species collected and identified uptodate within the 
area ot the “Manual” is under preparation. 

The following abbreviations are used for the Floras given against them. 

FBI — The Flora of British India by J. D. Hooker et al. 

Duthic — Flora of the Upper Gangetic Plain and of the Adjacent Sivvalik 
and Sub-Iiimalayan Tracts by J. F. Duthie. 

Gamble — Flora of the Presidency of Madras by J. S. Cr amble and G. E. G. 
Fischer. 

Haines — Botany of Bihar and Orissa by H. H. Haines. 
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EXPLANTION TO THE ILLUSTRATIONS 

A— depicts the habit of the species ; B— an enlarged view of a llowcr ; C~l s. of tiic 
flower ; D— an enlarged view of calyx ; E— a sepal ; F— petals and their an angcuiciit 
in a flower; G— a corolla ; H— corolla tube opened to show_ stamen jiraiigciuciu ; 
I — an enlarged view of stamen ; J — gynocciiini on the pedicel ; 1, »S. of ovary ^ I/' * 

fruit with persistent calyx j M— I. s, oi fruit j N"— a seed O— coronn 5 P***|K>IIiniuni ; 
Q—clavate hairs j R-spathe opened to show llowcr arrangement; S— scciion of leaf 
showing thickness and shape in t. s. 



Fig, 1, Argemone ockroUuca Sweet. 




Fig. 2* AbuHlon hirltm G. Don. 














Papaveraceae . 

Argemone ochroleaca Sweet. Brit. FI. Gard. 3 : t. 242 (1828); Vci.katcsh, in 
Proc. Ind. Sci. Cong., (1960) 401. 

An erect, annual, aimed herb with yellow juice. Leaves spiny toothed, 
semiamplexicaul. Flower buds oblong, subsessile, petals light, lemon yellow in 
colour and crumpled in the bud ; stamens many ; ovary lobed with short spines, 
stigmas borne on short style, lobed, stigmatic rays spreading. Clapsule armed, 
dehiscent at top by short valves exposing black seeds. (Fig. i.) 

Sangam, T. Rajagopal 4166/2. 

J. Sweet, is a native of Mexico; it is reported from Pclhi by 

Venkatesh (1960) and from Patiala by Malhotra (1960). Recently Panigrahi has 
observed a population of about 500 plants with while flowers in July at (rolganj 
(District Raiban) in M. P. {Panigrahi and Singh 4201). In all these places it grows 
associated with A, mexicana. Duthie (1903) attributes ‘'yellow or rarely white’’ 
flowers to A. mexicana Linn., whereas Srivastava (i938) reports only yellow-llowcrcd 
biotypes of A. mexicana Linn, from Allahabad and does not describe the stigmatic 
surface. 


with n=: 28 (r./. Malhotra 1960) is distinguished from tlic allied 
species A mexicana Linn, with n=14 by white flowers (Afalliotra Lc. and ]\Iahes!i« 
wari, J. K. 1963) and subsessile lobed stigma. 'Fhe bioiypes in the Allahalnid 
Flora although possess subsessile lobed stigma, are characterised !)y light lemon- 
yellow flowers (c.f. Venkatesh 1962). 

On morphological and cytological evidences Malhotra (19()0) reports ocenr- 
rence of natural hybrids between A. ochroleuca and A. mexicana, which rally 
grow together showing variations in petal colour wic. white, light lemon-yeilow and 
perfect yellow. Both A. ochroleuca Sweet and A. mexicana Linn, at AUahaliad 
exhibit very low percentage of pollen fertility {viz. 10 to 15');,) and cannot be dis- 
tinguished from each other in an herbarium except for their diHerences in 
stigmatic features. My observations also show ilut A. ochroleuca with light lemon 
yellow flowers at Allahabad possess n = 28, whereas typical A, jnexkana tilants arc 
characterised by n = 14. 

Gapparidaceae 


Gapparis spiaosa Linn. var. vulgaris Hook. f. and Thom.s. FBI. 1,173. 

flattened stipular hooked thorn.M 
p Jv Frni and woolly beneaih. Older branche.*) 

t, ^ gynophore wln-ch i,s nutcIUonlw tint, 

the woody pedicel, and somewhat lobed with reticulate patte.n. ^ 

Fruiting during summer. 


Behind rolytechnical College, V. JV. Sini,h 568 


C d«;d«a (Forsk ) Edgew. (=C. aphylla Roth 
Although Duthie (1903) has considered C. stinos 


), C. sepiaria la’nn, z^ylanica Lii 


(1921) has reported C. stinosa Linn ia J / and , Sind, Haines 

Beltiiof Efhar. The^I" a”„"iieed >>9-. I™” -"I'V va.U-,, i„ 


. M tea branches Icaflcs, . 


red 

1. Mature branches leafy 


flowers red, fruit globose 

^ ‘ 1 1 . f C, ditidua^ 
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2, Flowers solitary, thorns hooked, fruit oblong unevenly lobed, larger 


(1*5 to 2*5 cm.) than those of the others... C. jpinosa 

2. Flowers in umbels or supra-axillary rows : 

3. Flowers in umbels, white^ small, spines recurved ; C, sepiaria 


3. Flowers in supra-axillary rows and young parts tomtntosc,.C:zeylamca 

C, spinosa var. vulgaris at Allahabad is sometimes, on the basis of its’ descrip- 
tion by Hooker (FBI. 1,174), confused with C. grandijlora Wall. But Wight (Wight 
Icon. Plate 104) attributes leaves with cordate base and pedicel equalling the 
length of the leaves to C. pyrifolia W. & A., which is synonymous to C, grandijlora 
Wall., whereas C. spinosa Linn. var. vulgaris Hook. f. and Thoms, has leaves with 
acute base and pedicel shorter than the leaves. Besides, C. grandijlora Wall, is 
endemic to Nilgiri Hills. Therefore, the Allahabad plants referred above are 
identified to C. spinosa Linn. var. vulgaris Hook. f. and Thoms. 

Malvaceae 

Abutilon liirtum G. Don in Gen. Syst. 1,503 (1831) ; A. graveolens W. & A. 
var. hirtum Masters in FBI 1,327. Gamble 1,65 ; Haines 1,64. 

An erect herb with a woody stem and spreading hairs and mixed with a 
tomentum and glandular hairs. Leaves cordate, abruptly acuminate with minute 
projecting teeth from the margins. Flowers yellow 1-3*5 cm. across, borne on two 
axillary peduncles, one of which terminate in a single flower and other into a 
flowering branch bearing 3-5 flowers. Carpels with wavy valves and short stellate 
white hairs and almost as Jong as the enlarged calyx. Seeds greyish black with 
minute hairs. (Fig. 2.) 

Grows in waste, places. Flowers and fruits during September to October. 

Salori, T. Rajagopal 6134 ; F. JV*. Singh 955. 


A. hirtum differs from the other species A. indicum (Linn.) Sweet and A. asia- 
licurn (Linn.) Sweet occurring at Allahabad {c.f. Srivastava 1938) as given below : 


A. indicum (Linn.) Sweet 

L Stem closely tomen- 
tose, woolly to touch. 


2. Ripe carpels with scat- 
tered tufts of stiff hairs, 
eventually deciduous, 
and with sharp spread- 
ing beaks or awns. 

3. Seeds minutely furrow- 
ed, glabrous. 

4. Pollen wuh spines hav- 
ing straight base. 


A. asiaticum (Linn) Sweet 

1. Stem with spreading 
hairs. 


2. Ripe carpels with dense 
spreading persistent 
shaggy hairs and with 
short erect awns or 
beaks. 

3. Seeds glabrous. 

4. Pollen with spines hav- 
ing straight base. 


A, hirtum G. Don 

1. Stem with spreading 
hairs and mixed with 
tomentum and glan- 
dular hairs. 

2. Ripe carpels shortly 
pubescent but without 
awns or beaks. 


3. Seeds with minute hairs. 

4. Pollen with spines hav- 
ing bulbous base. 


Although many of the Indian Floras treat A. indicum (Linn.) Sweet and A, 
asiaticum (Linn.) Sweet as two distinct species, Santapau and Wagh (1963) cite the 
latter as synonymous to the former species. Nair (1962), who has made a study ol 
the pollen grains of the two species, reports occurrence of ‘‘spines with straight 
base’* common to the pollen grains of the two species. Our own observations on 
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the gross morphology of the two species collected and represented »n the 
Regional Herbarium, Allahabad, lead us to support Santapau and Wagh (l-C-). 
S at present. It is. therefore, proposed to recognize the occurrence of only two 
species ^ Abutilon at Allahabad viz. A. indicum (lunn.) Sweet [ -A- (maluum (I.inn.) 
Sweet] and A. hirtum G. Don. 


Geraniaceae 

^Oxalis latifolia HB. md K, in Nov. Gm. a Sp. 5,237 (iB2l) ; Claldcr, Rcc, 
Bot. Surv. Ind. 6,333 (1919) ; Raizada. M. B.,.). liuL Boi, Soc. li\ 155-58 
(1931). 

A herb with simple bulbs producing radical leaves ; leaves long slender 
petioled, with three obcordate sessile leaflets. Flowers in umbels, borne on a long 
slender peduncle arising from the underground bulb. Sepals 5-nervcd, |)crsistcnt, 
with two glands (yellowish pink) at the apex. Petals ftec l)uL united at the. base 
onlyj pink in colour, turning violet-blue when dried or pressed. Stamens 10, 
(sometimes 12) alternately longer and shorter, filaments united below to form a 
membranous cup. Styles 5 (sometimes 6-8) distinct with capitate stigma, ovary 
elongate and lobed. Ripe capsule not seen. (Fig. 3). 

Khusrobagh, T. Rajagopal 2291 ; Ohatharn Lines, C. M. Arorn 4'I04. 

A native of Mexico naturalized at Dehra Dun (c/. Raizada 1931); grows at 
Chatham Lines and at Khusrobagh area on moist places during rainy season and 
also in winter, probably as a garden escape; not reported in Iruliari Floras. It 
is easily distinguished from the other allied exotic speciijs viz. (). mnf^iana 
(=0. corymbosa DC. c.f, Srivastava 1938) in the following cliaraeters : 

0. latifolia HB, & K. 0. marliana 

1. Bulbs simple. 1. Bulbs compouud. 

2. Obcordate leaflets triangular with 2. 

a notch in the Centre. 


Obcordate leaflets with roumlcd edges 

with n nntrh in 


3. Inflorescence in simple umbels. 3. Inflorescence in compound umbels* 

4. Sepals with 2 pinkish yellow glands 4. Sepals glandular. 

at tip. 


Leguminosae 

Alysicarpus vaginalis DG. in Prod. 2,333 (1835) : PBI. 2,158 ; Duihic 1,2:53. 

An erect undershrub 30 cm. to 1 m. high, l.cavcs l-l'(iliol:Ue, glabrous, 
cordate, variable in shape and size, lower lanceolate, upper obluug to ovate, 
emarginate. Stipules ovate acute, half the length of the petiole mul parrallel 
veined. Racemes lax ; calyx as long as the first joint of the pod ; eoiolbi small, 
pinkish with yellow tinge. Pods terete, reticulate-veined, fi-8 jointed. 

Flowers and fruits during September to November. 

Chatham Lines, C..M. Arora 4729. 

A. vaginalis is distinguished from the other allied species occurring at Allah- 
abad {c.f. Srivastava, 1938, 1949) as follows : 

1. Calyx as long as the first joint of the pod or shorter. 


2. Pods not veined and moniliform munilifer 

2. Pods veined, not moniliform vaginalis 

1. Calyx longer than the first joint of the pod. 


r 38 ] 



l?ocis finely reticulate-veined or ribbed. 


4. Pods finely reticulate-veined A. longifoltus 

4. Pods ribbed and 2-edged A, rugosus 

3. Pods neither veined nor ribbed A. bupleurifoUus 


Teramnus labialis (Linn, f.) Spreng in Syst. 3,235 (1826); FBI. 2,184; 

Duthie 1,214. 

A twining herb ; stem shortly pubescent. Leaves pinnately 3-foliolate ; 
leaflets, ovate acute, glabrous. Flowers reddish-white in very slender and glab- 
rous racemes ; calyx teeth subequal and as long as the tube ; stamens monadeh 
phous with alternate stamens sterile. Pod glabrescent, about 5 cm. long, thin, 
hooked, dehiscent along both the sutures ; valves twist in spirals. 

Flowering and fruiting from September to November. It grows on hedges 
and bushes. 

Chatham Lines, C. M. Arora 4782 ; Alfred Park, F. JV. Singh 911. 

Cassia suratteusis Burm. f. FI. Ind. 97 (1768) ; C. glauca Lamk. FBI. 2,265 ; 

Duthie 1,268. 

A shrub or small tree, about 3-7 m. high. Leaves distinctly petioled, 15-22’5 
cm. long ; leaflets ovate, acute ; much variable in size. Racemes corymbose ; 
flowers large, yellow ; stamens 10, all equal. Pods thin flat, strap-shaped, 
glabrous, prominently stalked, 20-30 seeded. 

Flowering and fruiting from August to November. 

Chatham Lines, C. M, Arora 4734 ; R. Frasad 394. 

Cassia surallensis Burm. f., with its erect racemes and strap-shaped pods is 
easily distinguished from Cassia Jistula Linn., which is characterised by drooping 
racemes and terete pods. 

Ficoideae 

Glinus oppositifolia (Linn.) A. DC. Bull. Herb. Boiss. 2, 1 (1901) 552. 

Mollugo oppositifolia Linn., Sp. PL 89. FBI. 2,662 ; Duthie 1,355. 

A slender prostrate herb, nearly glabrous with long internodes. Leaves cris- 
pate, spathulate. Flowers in axillary fascicles ; pedicels long, filiform ; sepals 
glabrous. Seeds — appendaged and with a slender white thread curved round them. 

Grows on the banks of Ganges and Yamuna and on sandy dry areas. 
Flowering and fruiting during June to December. 

Naini, F. N. Singh 546. 

Glinus oppositifolia by its glabrous or glabrescent leaves, and long filiform 
pedicels, is distinguished from its allied species G. lotoides Linn. {Mollugo lotoides 
W. & A. and M. hirta Thunb.), the latter being a stellately hairy plant with short 
pedicels. 

Compositae 

Grangea maderaspatana (Linn.) Poir. in Encycl. Suppl 1. 2,825 (1812) ; 

FBI. 3,247, Duthie 1,407. 

A pubescent prostrate annual herb. Leaves sinuately pinnatifid with lobes 
smaller towards base. Flowers yellow in solitary heads. Involucral bracts densely 
pubescent ; pappus represented by a short tube. 
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A g«den also observed on molsl sandy loam in wasle place,. Mower, 

during greater part of the year. 

^m'.Uricts‘(Linn.) in Sp, PI. 794. (1753) ; Pill. 3.414 ; I h.lhio 1.448. 

A annual sparselv glandular herb with nodes covered by seim-.uuplcxtcaul 

An annual spar W 

leaf bases .leaves lanceo^^^^ and acute. Involucral bracts glabrous or si)u_rsely 
glandTufaescent. Achenes compressed, oblong, acute, thrce-nbtlcd luul u.uncttle 
in between ; pappus white. 

Flowering and fruiting during December to April. 

Mintopark, T. Rajagopal 2290 ; Chatham Lines, Uanji T3. 

Sonchus oleraceus is distinguished from another species S. arvensis laiiii. rcconb 
ed for Allahabad {c.f. Srivastava 1938) in the following chaiacters ; 

Sonchus oleraceus Linn. Sonchus arvensis Liiin. 

1. Auricles of cauline leaves spreading, 1. Auricles of caulinc loaves, appressed, 

acute. obtuse, 

2. Involucral bracts glabrous or sparse- 2. Involucral bracts beset with glandular 

l-rr . hairs. 


2. Involucral bracts glabrous or sparse- 

ly gland pubescent. 

3. Achenes flattened, three ribbed and 

muricate in between. 


3. Achenes slightly compressed,^ with 
more than tlircc ribs on cacli face. 


Asclepiadaceae 

Leptadenia reticulata (Ivetz.) W. & A, in Wight Contril). 47 (lli'44) ; MIL 
4,63 : Duthie 1,511. 

A twining shrub, branched, with watery latex. Leaves pciiolate, tonunUosc 
when young, ovate or ovate-lanceolate, acute at the apex, round at base. I’dowers 
small greenish, in lateral many-flowered umbellate cymes ; all floral parts pubes- 
cent, corona lobes staminal and corollary ; anthers inilexed over the stigma ; 
pollen mass attached to the pollen-carriers by distinct caudiclcs, f.rcct, waxy, 
solitary in each anther-cell, pelucid at the tips, stylc-apcx pentagonal, (h'ig. 4.) 

It grows on hedges and bushes. Flowering during July to October. 

Police Lines, T. Rajagopal 3131. 

Duthie in his Flora records this species from sub-llimalayan tracts castvvards 
to Gorakhpur and Bundelkhand, and stales that it flowers during May and July. 

Dregea volubilis (Linn, f.) Benth. ex Flook. f. in FBI. 4,46 ; 

Marsdenia volubilis T. Cooke ; Duthie 1,505. 

A climbing branched shrub. Leaves broadly ovate cordate at tlic base. 
Flowers in umbellate cymes ; green- or yellowish-green, corolla rotate ; corona 
lobes fleshy, stellate, adnate below to the staminal column, free above, ending in 
a cuspidate point ; pollen mass in 5 pairs, waxy, erect ; stigma witli Hat surface* 
(Fig. 5.) 

Flowers during July to September. It grows on hedges and trees. 

Police Lines, T. Rajagopal 3130; Mac Ifluusou Lake, T. 313U/F : 

Chatham Lines, R. Prasad 3263. 

In FBI three varieties were described including the Dregea vohdUis proper* 
Santapau and Irani (1960) treated the variety angustijolia Hook, f*., as a distinct 
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species. The remaining two Varieties vh. t). volubilis (Linn.) feenth. ex Hoot. f. 
var. volubilis and D. volubilis (Linn, f.) Benth. cx Hook. f. var. mollis Hoot. f. occur 
at Allahabad. They are distinguished from each other as follows ; 

1. Plants glabrous. 

var. volubilis. 

2. Plants pubescent ; older parts glabrescent. 

var. mollis. 

Ceropegia biilbosa Roxb. PL Cor. 1, 11, t. 7 (1795) ; Wight. Icon. t. 845 ; 
FBI. 4,67 ;Duthie 1,514. 

A twining perennial plant, with slender stems arising from tubers; stems 
glabrous or glabrescent. Leaves extremely variable in shape and size, linear 
lanceolate, ovate or orbicular ; acute or acuminate ; cordate or acute at base ; 
pedicelled or subsessile and fleshy with watery juice. Flowers in peduncled 
umbellate cymes, pedicels generally shorter than the peduncels ; calyx lobes long, 
lanceolate, acute ; corolla greenish about 2 to 2*5 cm. long, tube inflated at the 
base, lobes linear with triangular base, adnate even when dry ; violet purple and 
villous within ; corpna-lobes double, outer 5, minute, inner 5, long filiform. 
Policies terete 10 to 12 cm. long, 1 to 1*5 cm. broad and glabrous. 

Grows in waste places on Capparis bushes. Flowering from July to Septem- 
ber, fruiting from August to October. 

Behind Polytechnic College, T. Rajagopal 3200 and 3200/2. 

The species is representated by the two following varieties Hook. f. 
describes 3 varieties in FBI. 4,68) at Allahabad. 

1. Leaves fleshy 2-5 to 5 cm. long, orbicular, oblong or obovatc and ovate 

in transverse section var. bulbosa, (Fig. 6). 

2. Leaves fleshy narrowly linear upto 20 cm. long and triangular in trans- 

verse section var. Aii. (Fig 7). 

The third variety recognized by Hook. f. (l.c.) viz. var. esculenia has leaves 
10 to 12*5 cm. long and 2*5 cm. broad, shortly pctioled and linear lanceolate. 
Santapau and Irani (1960) cite the varieties lushii and esculenia as synon>rnous to 
C. bulbosa proper and state . . . "'‘lamina 2-4 x 1 *5-2*3 cm. . . .’L But a few biotypes 
at Allahabad, characterised by fleshy linear leaves upto 20 cm. long and triangular 
in transvers section and far exceeding the range of variations in leaf length given 
by Santapau and Irani (l.c.), can easily be identified as C. bulbosa Roxb. var. lushii 
Hook, f., which, according to Hook. f. (lx.), has leaves upto 8 inches in length. 
Box' agin aceae 

Goldenia procumbens Linn, in Sp. PI. 125 (1753) ; FBI. 4,144 ; Duthie 
1,532. 

A procumbent herb with young parts silky white. Leaves^ obovate or oblong 
rounded at tip, coarsely serrate or subpinnatifid ; nerves impressed deeply. 
Flowers axillary, white ; calyx 4 or 5-partite ; corolla a short tube, 4-5 lobed ; 
stamens 4-5 epipetalous ; pyrenes rounded on the back. 

Grows on the banks ot Ganges and Yamuna and on moist places. Flowering 
and fruiting June to August. 

Sangam, T. Rajagopal 4174. 

Scrophulariaceae 

**‘Liiidernia eiliata (Colsm.) Pennell in J. Arn. Arb. 24,253 (1943) ; 

Bonnaja brachiata Link, and Otto. FBI, 4,284 ; Duthie 2,26. 
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Annual, erect herb upto 15 cm. high. Leaves opposite, sessile, serrate with 
almost dentate teeth and penninerved. Flowers white with pink dots on the 
lower side of the lobes ; calyx cleft to the base ; stamens four, two perfect and two 
staminodes. Capsule nearly twice as long as the calyx. (Fig. 8). 

Flowers and fruits from August to December. 

Alfred Park, T, Rajagopal 3182 ; Chatham Lines, C. AL Arota 4708. 

It grows in moist places along with blue flowered Lindernia cfusiucea (Linn.) 
Muell. [Vandellia crustacea Benth. (c.f. Srivastava 1938) | during rainy season. L. 
ciliaia differs from L. crustacea as follows : 


L. ciliata (Colsm.) Pennell, 

L Leaves serrate, almost with dentate 
teeth. 

2. White flowers with pink dots. 

3. Calyx divided upto the base. 

4. Perfect stamens two. 

5. Capsule twice as long as the calyx or 

longer. 


L Crustacea (Linn.) Muell. 

1. Leaves entire or crenate, 

2. Flowers blue or bluish white. 

3. Calyx divided upto middle. 

4. Perfect stamens four. 

5. Capsule more or less eciuul to the 

calyx. 




Mazus japomeus (iUunb.) *vvv. 

Lour. FBI. 4,259; Duthie 2,19. 

A glabrous or glabrescent annual erect herb; stems sometimes (ul'trd and 
semi-erect. Leaves radical ovate-spatlmb 2-Crr) era. long, ..arrowing 


O.r. 


’20 cm. 


into a short petiole, crenate or sinuate. Flowers in scapllorm racemes 
long ; calyx campanulate enlarging in fruit ; corolla pale-blue or white, bilabiate 

3-lohcd will. hrowiiish.ydl(»w snots 
stamens four didynamows, aiit}K;i.s cora.iving ii» .mirs und 
cells contiguous ; style with bi-fid stigma. Gapsulc-sul.globosc, laterally flat 1 
(Fi^^9).'" enlarged calyx ; seeds palc-ycllow; iniiuitt; and iiLncrous, 

1 . alluvial loam near drains, river bank and as -i 

lawns. Flowers after rainy season and continues till the end of winter 
and Bharadwaja (1955) state “flowers throughout th.. year” 


^^^^weed ill 

CluUtcrjec 


Allenganj, 7. Rajagopd 6186 
Lines, Hanji 5314. 

Labiatae 


University Road, 0. I\ A'lura 


53bb ; (Jhathiun 


^Urthosipbon pallidus Roylc 
FBI. 4,613 ; Duthie 2,100. 


ex isemm m Hook. Bot. Misc. 


( 1653 ) ; 


A perennial herb with Quadrani>;ular stem nt Iciniie i- 

Leaves ovate, obtuse or acute, cuneate crenaTe or l ^ 

base; glabrescent but- petide with’ girduia tire at the 

Racemes in short whorls distant, 6-flowercd L-.rK Vm- siroinutic. 
wh„= w.,h ,„be .l„o.. .,™lli.g ,h. c,ly«. iip 

place,. 
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Ghatham Lines, C, M. Arora 3815 ; Manauri, F. JV. Singh 55L 


Eupliorbiaeeae 

Eupborbi a genicvLlata Onteg. Nov. Rar. PI. Matr. 18 (1797) ; Duthie 2J90; 

Haines 1,H9. 

An erect annual herb about 0-5-0’75 m. high with leaves 3 to 8 cm. long ; 
ovate-lanceolate, acute. Latex milky. The floral leaves are white near the base 
and green towards the apex. Flowers light greenish or greenish-pink, clustered, 
terminal ; capsule smootli, seeds dark grey, truncate at the lower end. 

Grows in fields and gardens as a weed and also in waste places. Flowers and 
fruits during September to December. 

Chatham Lines, 0. P. Misra 5356; C. M. Arora 3809; F. jV*. Singh 559 ; 
R. Prasad 380. 

A native of Tropical America. Introduced during last quarters of ninteenth 
century and now naturalized in many parts of our country. 

Jatropha curcas Linn, in Sp. PI. 1006 (1753) FBI. 5,583 ; Duthie 2,21 5. 

Shrub with whitish wood and greenish white bark. Leaves orbicular 
cordate, entire or 3-5 lobed. Flowers monoecious ; petals connate upto middle 
greenish white ; stamens numerous. Fruit a capsule of 2~valved cocci, 

Moratganj, Hanfi 1843. 

Introduced from Tropical America and is generally grown as a hedge plant. 
The seeds yield an oil which “is used for burning anti also medicinally” (c./, 
Duthie, l.c.) 

Jatropha curcas is distinguished from its allied species /. heterophylla Steud. 
(J, go^sypifoiia Linn. Srivastava 1938) by ihe following salient features. 


Jatropha curcas Linn. 

1. Leaves entire, or 3-5 lobed without 

stipitate glands on the margins. 

2. Petals greenish yellow and more or 

less cohering. 


/. heterophylla Steud. 

1. Leaves entire or 3-lobed with 

glands on the margin. 

2. Petals red and free. 


Commelinaceae 

Comiuelina hasskarlii Clarke, Comm, and Cyrt. Beng. 13, t. 5 (1874) and 
in DC. Mong. 3.157 ; FBI. 6,370 ; Duthie 2,339. 

A semi-erect annual herb with much branched stem, rooting at nodes. 
Leaves 2*5 to 8 cm. long, lanceolate ; sheaths broad-based and ciliate. Spathes 
axillary, ovate-lanceolate, cordate at the base, Flowers blue in unequal cymes, 
the uppermost branched, 2—4 flowered, the lower 1-2 flowered ; capsule 0 5-0*75 
cm. long, membranous, 3-s<^eded, two in the anterior ceil and one in the posterior 
cell, cylindric, truncate at one end. (Fig. 10). 

It grows generally in moist shady places. Flowering and fruiting from 
November to February. 

Chatham Lines, T. Rajagapal 2292 ; Malaka, F. JST. Singh 937, 

Duthie in his Flora records it from N. Oudh and states “apparently not 
common”. 

*Zygomenes axillaris (Linn.) Salisb. in Trans. Hort. Soc., IJlll (1812) ; 

Cyanotis axillaris (Linn.) Schult. f. FBI. 6,388 ; Duthie 2,34L 
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An annual herb with semi-erect branches upto 1245 cm. long. Leaves 
sessile linear rr narrowly lanceolate, with inflated ciliated sheath. Flowers bluish 
violet, clustered in the axils of inflated sheathes ; filaments fusiform below the 
tip and bearded. Capsule ellipsoid, shortly beaked, without any sinuses in 
between ; seeds rugose and shining brown. 

It grows during rainy season in moist places in the edges of lake, drains and 
in shady situations. Flowers and fruits during August to October. 

Mac Pharson Lake, 7“. Rajagopal 3194 j C. C. Garden, Arota 31112 and 31195. 

Maheshwari,J. K. (1963) treats this species under the genm Cyanolis Don, 
considering the genus as conserved in the International Code of Botanical Piommdalure 
(1961) ; but the code fails to state against which genera it is conserved. Recently 
^‘Cyanotis axillaris'^ and its allied species C. cucullata (Roth.) Kunth. have been 
treated under the genus Zyi^^^^nes Salisb. and this treatment may find support 
from the cytotaxonomical studies in the genus, {cf. Sharrna and Sharina 1958 ; 
Kammathy and Rolla 1962). 


■,...(/. iria 

comptessus 
(I aruiaius 

. Dutliie 2,384. 


Gyperaceae 

Three annual species for the genus Cyperus were found to be new records 
and they are distinguished from each other as given below : 

1 . Spikelets in elongate subracemose spikes 

1 . Spikelets shortly spicate. 

2 . Stamens 3, spikelets 0’75 cm. long or longer., , 

2 . Stamen one, spikelets 0*6--0*8 cm. long 

*Cyperus compressus Linn. Sp. PL *68 (1753) ; FBI. 6,605 

An erect herb upto 0*5 m. high, with base of stem covered liy i e<l ntunlf; 
fibrous leaf-slieaths._ Spikelets compressed laterally, 4 to 7 in each tiUiiiiatc um- 
bellate spikes ; greyish-green, streaked with red ; stamens 1 ! ; nut Inaudly iritiuct. 
rous, obovoid with 3 angled and 3 concave sides. 

ingd'iS’XSgu” “ Slob”"" "" 

c. C. Garden, Panigrahi 3867 and 4741. 

♦Cyperus iria Linn. Sp. PI. -45 (1753) ; FBI. C.606 ; Dtuhic 2,38.5. 

0-75 cm. long or longer snikelef. I *' compound tm.bcl ; with 

and fru^rdTringJuV/roL'^b^n^ 


Chatham Lines, Panigrahi 3879 ; V. JV. Singh 908. 

23, 


Duthie.''2,38T' *“'*”*"* 


6 (17.53) ; FIJI. 6,Gl)(! 


sheaths, with transversely truncate® nlirh I 80 ° " 

dense, about 1-5 to 2 cm. long n r '>» uinhellutc spike, 

smooth, brownish and narrowly o^bovo7d ° ^ 



Grows on irioist places in gardens, road sides and shady places. Flowers 
and fruits from August to November. 

Chatham Lines, Panigrahi 3880 ; 4708 and 475. 
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INTERACTION OF AMINO ACIDS AND ORGANIC ACIDS I OR I HR 
PRODUCTION OF THE FUNGISTATIC SUBSTANC^b BY 
STREPTOMTGES GRISEUS AGRA STRAIN 
By 

K. G. BASU GIIAUDnARY 
Botany DspaTlment, Agta CollBg&i, A^ra 
[Peceived on 6th October, 1964] 

Introduction 

A new strain of Strepiomyces grisms identified as Agra strain has been isolated 
from soil of Agra and was found to be antagonistic to AU^Ttiaria solani and a few 
other fungi and bacteria (Basu Cliaudhary 1964). The effect of dilkrent nntrR 
tional factors on the production of the fungistatic substance by the organism Itas 
been studied and was found that glucose, alanine and glutamic acid, malic and 
citric acids formed the best sources of carbon, nitrogen and organic acid stipple* 
ments respectively with pH 7*0 as the optimum for the production ol the active 
substance (Basu Chaudhary 1958,1961, 1962 ^). Spilsbury (1948) studied the 

effect of trace minerals and nitrogen sources and their interaction on the produc- 
tion of streptomycin by Sueptomyces griseus and observed that tryptophane ^ is 
essential in the early stages ot development. As the nutrients liehave in a differ- 
ent way when used in combination, it was considered desirable to study the effect 
of these optimum nutritional factors in combination with each other on the 
production of the fungistatic substance and the results thus obtained has beert 
presented in this paper. 

Method and Material 

Streptomyces griseus Agra strain was cultured in 30 ml. of the medium contain* 
ed in 250 ml. flask. Nutrient factors in the following four combinations were 
taken in the light of observations on individual factors : 

Medium ®*A” ; Glucose alanine 4%, malic acid 1% 

Medium “B’’ : Glucose 8%, alanine 4%, citric acid 1% 

Medium “G’’ : Glucose 8%, glutamic acid 4%, malic acid \ % 

Medium “D” : Glucose 8%, glutamic acid citric acid 1%. 

Only these nutrient factors were selected for interaction studies which have 
given optimurn fungistatic activity. The rest of the constituents of the medium 
were : dipotassium phosphate 0*5 gm., and magnesium sulphate 0*25 gm^, per 
litre of distilled water. The pH in all the four combinations was adjusted at 
7*0 before autoclaving. The Media were sterilized at 10 lbs. pressure for lialf an 
hour and then inoculated with spore suspension of Streptomyces griseus Agra strain 
and incubated at 25°C. The fungistatic potency was measured on 7th, lOth, 13th 

Dilution Unit (SSI)’ Unit) as given by Brian a 
(1943). Five replicates of each treatments were maintained. 
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Results 


TABLE 1 


Shewing the effect of main factors as well as their interaction in terms of ‘SD’ Units 


Medium 


D 

AYS 


Mean 

C.D. 

7 

10 

13 

16 

“A” 

6-4 

12-8 

32-0 

64-0 

28-8 



8-0 

16-0 

28-8 

28-8 

20-4 

6-2 


160 

57-6 

115-2 

356-0 

136-2 


“D” 

9-6 

19-2 

51-2 

128-0 

520 


Mean 

JO-4 

26-4 

56-8 

144-2 




G.D. for Interaction = 12*4 


The influence of main factors as well as tlicir interaction is significant. 
Studying the effect of four kinds of nutrition irrespective of number of days the 
fungistatic potency is maximum in nutrition “G” and minimum in nutrition “B”. 
It is of intermediate category in nutrition ‘"D” and ‘'A*' respectively- Nutrition 
“C” appears to be very much suitable for the production of the fungistatic subs- 
tance as its figure is many times more than the others. 

Considering the effect of age of the culture irrespective the type of nutrition, 
the figure indicates that with the advancement in age of the culture the fungistatic 
potency also increased from 7th to 16th day in medium ‘‘A”, and 


Discussion 

For the production of any substance during biological fermentation, the 
constitution of the medium plays an important role. By replacing one constituent 
with another or a particular constituent in the presence of another affects the 
production of the desired substance. 

In this experiment such a change has been observed with respect to nitrogen 
sources. When alanine and glutamic acid were tested (Basu Ghaudhary 1962 a) 
as possible sources of nitrogen the amount of the fungistatic substance produced 
was the same in both the cases. But these sources when tested in presence of 
organic acids the production differed. In presence of malic acid the production 
of the fungistatic substance on the 16th day in the medium having glutamic acid 
as nitrogen source was 356*0 'SD’ units and with alanine it was only 64*0 ‘SD’ units. 
In presence of citric acid, glutamic acid gave only 128*0 ‘SD’ units and alanine 
28*8 ‘SD’ units. Further, the behaviour of the individual nitrogen source was 
also found to differ in presence of different organic acids. Glutamic acid in 
the presence of malic acid gave 356 0 ‘SD’ units and in the presence of citric acid 
only 128*0 ‘SD’ units. Similar is the case with alanine. 

The effect of organic acids in interaction is the same as observed 
individually. 
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StimHiaty 

The interaction of amino acids indicate that the utili/ation of nitrogen 
source is influenced by the presence or absence of organic acids and also the type 
of acid present in the medium. 
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OBSERVATIONS ON INDIAN AQ,UATIG FUNGI 
III. SOME SPECIES OF BLASTOCLADIALES, MONOBLEPHARIDALES 
AND PERONOSPORALES COLLECTED FROM GORAKHPUR 

By 

K. S. BHARGAVA and B. B. SINGH 
Department of Botany, University of Gorakhpur, Gorakhpur 
[Received on 3rd October, 1964] 

Gorakhpur with all its ponds and natural water reservoirs is an interesting 
place for the investigation ot aquatic fungi. During the past three years a syste- 
matic collection of fungi particularly members of the lower phycomycetous orders 
have been undertaken by the senior author and his students. In the present 
investigation several aquatic phycomycetes were obtained from water and soil 
samples in the vicinity of Gorakhpur. Though none have been described earlier 
from this area, three of them vi^. AUomyces neo-monilijormis , Fythium ulHmum and 
Phytophthora gonapodyides are new records from India. Among Indian workers 
systematic study on water molds was made by Butler (1907 and 1911), Ghaudhurr 
and Kochhar (1935), Chaudhuri and Lotus (1936), Sakscna and Bhargava (1944), 
Das Gupta and John (195 3), Rarndayal (1958) and Saksena and Rajagopalan 
(1958). 

Material and Methods 

The usual methods of setting baits were employed and wire baskets were 
used as bait containers. Various fruits and twigs were used as baits. Apples, 
tomatoes, grapes and cape gooseberries were found most satisfactory baits for 
Blastocladia, paniyala fruit {Bischofia javanica) for Gonapodya and cape gooseberry 
{Phy satis peruviana) for Phytophthora. For Pylhium and Allorriyces water and soil 
samples were poured into Petridishes and baited with halves of hemp seed. 
After 3 days mycelial growth became visible, sporangia developed and within 1~2 
weeks sex organs were formed. Pure cultures of AUomyces, Pythium and Phytophthora 
were obtained by methods recommended h) Couch (1939) and Emerson (1958). 
Among the members of Blastocladiales and Monoblepharidales only AUomyces was 
grown in pure culture and others were preserved in 0*5% formaline. 

FUNGI COLLECTED 

Blastocladiaceae 

Blastocladia Pringskeimii, Reinsch, Jahrb. Wiss. Bot. 11 : 298, 1878, 

Thallus 570-7 15 ; basal cell variable in size 250-420 x 70- 105 generally 
cylindrical with swollen lobes on its distal part ; zoosporsngia 70-150 x IS-SO/** not 
proliferating, empty sporangia remain intact for a long time ; zoospores spherical 
or ovoid, 7-13*8/^ in diameter ; long setae present. The fungus was smaller in all 
respects than the original description of Reinsch, I his species, the most abundant 
of all other molds, was many times isolated from waters of Rapti river, Ramgarh 
lake and University garden pond on apple, grape, cape gooseberry and tomato 
baits (Fig. 1-A). 
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ing spores. B, and rcit 

fj— D_ P_ r/rm/i<>y» « !• — i**. .* ? spherical basal cell and y.A ASHn/^rci **'» ri 




Blastocladia globosa Kanouse, Amer. J. Bot. 14 : 298, 1927. 

This species was readily distinguishable by its globose basal cell, absence 
of proximal part and presence of strong rhizoidal system ; tliallus 200-360/* • 
proximal cylindrical part very short and 30-35^* in diameter or absent • zoosnor’ 
angia clavate, 66-130M long by 15-35/* in diameter ; setae absent ; resting spores 
not observed. It was common in Ramgarh lake and garden pond waters a id 
appeared very early on fruit baits mentioned above (Fig, l-B). .uiu 

Blastocladia ramosa Thaxter, Bot. Gaz. 21 ; 50, 1896. 

Plants with an open ramose habit 500-780/*, branching di~ or 

ous ; zoosporangia 35-52 X 14-20/*, zoospores pyriform, 4-5-7/: n LZut r 'T' 
spores 25-32/* X 23-26/* ; thallus with a welik hold fast stst^^i 
takes a longer time than the other two species mentioned above to 
apple and grape baits and has been recorded from Ranti river n 
and garden pond waters (Fig. 1 G and D). ^ ^ Ramgarh lake 


Allonyces arbuscula E. J. Butler, Ann. Bot. London 25 • loe? 
J. Elisha Mitchell Sci. Soc. 49 (1) : 163 193? ’ ’ 


1911 Emend. Hatch, 

distinct dichare? P»Pill"T»c(s^“zo'li7pora 

organs benc in pai„, „,a,n 


Plants 


30.40/* wide ; sex organs borne in paTrVmale 'eZ 5 nesting .spore 

orange in colour 20-35/* X 18-30/* female brigh 

It IS most common member of the cenus^and unf 30-40/* 

water and soil of Ramgarh lake and garden pond on* b'oni 

and B, plate ! A). ** garcien pond on hemp .seed bait fFhr ua 


»d B po^d" „r 

Allom)ces neo-momliformis, Indoh Sci 
4:271, 1940. ’ 

Syn. Allmjces cystogenus var. cystogenus Emerson, Lloydia. 


, , - -I'om 

seed bait (Fig. 2 A 


Kept. Tokyo Bunrika Daiguku, Sect. B. 


4 : 130, 1941. 


* -»P«m.gin 

fS'" Tin"® '»»nded apc» Sa’AWi'? 

length and „id,h, i” 

gametes which fuRe. m ^ d^ameutr fiivimr 


nf S^^etes which fuse in pairs. Fungus 




*• , giving 

J^s’olatect from jioij 


of Ramgarh lake onliTmTsMd'bai; (Pla\o x B). 

Cron apod yaceae 

Tha«cr, Bo., G„, jo : , 5 ,, , 895 . 

s -.rTs 

»lth prononneed prefa “cf "j'* ’*'"P" »” « wide ri'n'To/'t"'" "'i**'" 

-gf 

J'-ryptogarnen-FI. 1 (yj ■ ^32 


200,** 


mostly 80^1^50pg^° ^•P'^h'^orpha except very long pod sh-i 
frnit baits in waters of common on appk' waoi «Porangia ujito 

'ers of Ramgarh lake and garden pond ^ 
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Allomjces arhuscula : mature resting spores. X850 



U. Conapodya polymorpha : branched hyphac bearing 
proliferating sporangia, some of them are dis- 
charging their spores. X200. 


B. Allotnyces neo-monilifortnis : long chains of zoospor- 
angia. X140. 



D. Phytophlhora gonapodyides : branched hyphae and 
sporangiopliore witli proliferating limoniform 
sporangium, a mature ov< id sporangium is 
also lying near the proliferating one. X/zO 






fytliaa<Sea^ 

Phyiophthora gonapodydies (N. E. Petersen) Buisman, IVfeded. Phytopath. Lab. 
Scholten, 11:7, 1927. 

Mycelium 3-8/^ in diameter bearing spherical, ellipsoidal or irregular hyphal 
swellings ll*5-35/^, protoplasm refractive ; zoosporangia ovoid to limoniform with 
a blunt apex, 40-50x35-40/^, capable of renewed growth by internal proliferation 
of secondary sporangium, sessile or stalked within the primary one ; zoospores 
are completely formed inside the sporangium, 9*2-14/* in diameter. The fungus 
was common in garden pond water on cape gooseberry and grape baits (Fig. 3, 

. A-D and Plate I, D). 

Pythium ultimum Trow, Ann. Bot. 15 : 269, 1901. 

Sporangia spherical 20-40/*- in diameter, often germinating by germ tubes ; 
oogonia smooth 16-21/* in diameter, anthcridia 1-2 per oogonium, monoclinous 
from immediately below the oogonium, curved ; oospores aplerotic, single, thick 
walled 13*5-18*5i*' in diameter. The fungus was isolated from water and soils 
of Ramgarh lake, Rapti river and garden pond on hemp seed bait (Fig. 4 A-C). 

Pythium carolinianum Matthews, Studies on genus Pythium 1931, Univ. N. C, 
Press, Chapel Hill. 

Sporangia spherical, subglobosc to obovaie with a distinct apical papilla, 
25-50x20-40/*, proliferating through empty ones ; zoospores 7-10/* in diameter, 
formed inside the vesicle 30-50/* in diameter ; sex organs absent. It was recorded 
on vegetable debris by Balakrishnan (1948). Here it has been recorded from 
water and soils of Ramgarh lake and garden pond on hemp seed bait (Fig. 4 D). 
Summary 

The study was made of aquatic phycomycetes occurring in soils and water 
of Gorakhpur. Ihe following members belonging to Blastocladiales, Monoble- 
pharidales and Peronosporales were recorded. 

Blasiocladia Pringsheimii, B, globosa, B. ramosa. 

Allomyees arbuscula. 

A. neo^moniliformis. 

Gonapodya polymorpha, G. prolifera. 

Phyiophthora gonapodyides . 

Pythium ultimum and P. carolinianum. 

Among the fungi collected Allomyees neo-monilifor7nis, Phyiophthora gonapodyides 
and Pythium ultimum are new records from India. 
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ecological studies in Convolvulus pluriCauliS lii4N. 

WITH SPECIAL reference TO REPRODUCTIVE CAPACITY 
IN RELATION TO GRAZING 
By 

HARSHWARDHAN R. SANT 

Department of Botany^ Banaras Hindu University^ Varanasi-5 
[Received on 16th January, 1965] 

A large number ot grassland areas surround the buildings within the campus 
of Banaras Hindu University, Varanasi. These are of different size, and some of 
them are fenced and others are open to grazing, trampling and scraping. It is 
possible to differentiate protected, mediumgrazed and overgrazed fields (Sant, 
1963). It is interesting to investigate ecology of Convolvulus pluricaulis with special 
reference toreproductive capacity from different grazing grounds of Varanasi. 

The experimental areas under present investigation lies in the Upper 
Gangetic plains and are situated on the level grounds near the West bank of the 
Ganges about three miles to the south of Varanasi, which lies at 28° 18' north 
latitude and 83° 1' east longitude. It is approximately 76-19 meters above the 
sea level. 

PHYTOSOCIOLOGICAL STUDIES 

Frequency 

The seasonal frequency distribution q{ Convolvulus pluricaulis along with the 
important associates from different grazing grounds are given in tabic 1. 

TABLE I 

Seasonal percentage frequency distribution of Convolvulus pluricaulis along with the 
important associates from different grazing grounds 


Protected field Mediumgrazed field Overgrazed field 


Plant species 

*S 

*R 

*W 

*s 

*R 

*w 


*R 

*w 

Alystcarpus longifolius 

0 

78 

0 

0 

60 

0 

0 

29 

0 

Boerhaavia diffusa 

‘/5 

24 

31 

40 

35 

36 

53 

45 

38 

Bothriochloa pertusa 

0 

92 

50 

0 

78 

21 

0 

32 

20 

Crotalaria medicaginea 

20 

65 

6 

10 

58 

0 

0 

78 

0 

Convolvulus pluricaulis 

80 

7 

51 

60 

4 

50 

83 

12 

72 

Cynodon dactylon 

50 

48 

48 

83 

61 

62 

35 

70 

66 

Dactyloctenium aegyptiuni 0 

20 

0 

0 

23 

0 

0 

39 

14 

Desmodium triflorum 

70 

83 

76 

70 

67 

57 

43 

53 

46 

Dichanthium annulatum 

100 

18 

86 

100 

39 

86 

76 

10 

47 

Digitaria sanguinalis 

0 

30 

0 

0 

37 

0 

0 

44 

0 

Echinochloa colona 

0 

18 

0 

0 

31 

0 

0 

28 

0 

Evolvulus alsinoides 

40 

31 

28 

60 

54 

55 

83 

75 

61 

IL nummularius 

45 

26 

35 

60 

67 

55 

90 

84 

82 

Jndigofera linifolia 

65 

88 

87 

80 

40 

33 

37 

19 

9 

Panicum psilopodium 

0 

50 

0 

0 

54 

0 

0 

73 

0 


*3 = summer season ; *R = ra'.ny season and = winter season 
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i i 1 ftiere is a licnci'cil inctc^tsc ox' dccrci^sc 

According to the intensity of giy^jj j,, 

in frequency ‘i^^/P^Ssify the species into ‘increascrs’. ‘decreases and 

table I» cr to their freQuency distribution in response to grazing. I he 

‘neutrals according different grazingjgrovuuls during 

and protection i.e., it is a ‘neutral . 

CoveMge in coverage of this plant species under the udluence ol 

vrazine have been taken into consideration. 1 he vegetation was “* nietci 

Ladrats to know the actual position of each plant species upon the held during 
?he summer and the rainy seasons. Although this method proved to be liiboiious, 

yet it gave exact quantitative results. Various charts were taken fioin diflcrent 

grazing grounds during summer and rainy seasons. 

From each chart the area of Convolvulus fluricaulis along with other iiriportaot 
olant soecies is noted and the averages are taken for eaclj species ironi various 
charts per field. Then the averages of each species per meter quadrat jver gra/aug 
field is computed and given in table IL 

TABLE II 

Average area occupied by C.plaricaulis along with the important associates from 
different grazing grounds 


Plant species 


Average area occupied by the plants in square enu 
per meter quadrat 

Protected field Mediumgrazed field C)vergra7.eddield 



*S 

R 


*R 



Alysicarpus longifolius 
Boerhaavia diffusa 

1-14 

0- 968 

1- 412 

1-042 

1- 237 

2- 76 

2-01 

1- 24 

2- 1(5 

Bothriochloa pertusa 

- 

2-69 

- 

4-01 

1-86 

.5- 6(1 

3 -06 

Convolvulus pluricauUs 

1-98 

1-0 

7-17 

2-43 

1 73 

Crotalaria medicaginea 


4-59 

- 

1-89 

*** 

1-87 

Cynodon dactylon 

2-10 

1-11 

3-81 

3-17 

(r2()4 

3-01 

DactylocUnium aegyptium 

- 

3-52 

- 

2-G3 

- 

2-54 

Dichanthium annuUtum 

3-06 

1-79 

6-13 

3-57 

2-ia 

2-04 

Digitaria sanguinalis 

- 

1-08 

- 

3-78 

- 

1-8 

Euphorbia hirta 

- 

- 

3-08 

0-77 


1-82 

Eoolvulus alsinoides 

1-82 

1-04 

2-9 

2-72 

2-1 

1-.6 

B. nummularius 

0-68 

3-22 

2'11 

4-502 

2-28 

2-421 

Indigofera linifolia 

1-596 

4-17 

3-16 

3-34 

1-5U 

3-13 


*S = summer ; brainy season 

It is concluded from the table II that the coverage of this plant is propor- 
tional to the moisture supply —being maximum in rainy season— -tlic coverage 
increases due to higher availability of moisture which plays an important roltj in 
the growth of the plant. The grazing decreases the coverage of this plant. 
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Grazing Susceptibility Number 

Dix (1959) has evolved a method by which the behaviour of each species 
under grazing pressure can be objectively estimated. According to him when 
the glazing susceptibility number is negative in both the stands it indicates that 
the species are capable of withstanding moderate and severe grazing, and if this 
number is positive in both the stands the species are hamperd or at disadvantage 
under the grazing. Tl^ charged quadrats in different grazing fields were used 
to find the density of Convolvulus pluricaults and its important associates per unit 
area (Sant, 1961). Thus in this case the density is found out directly by actual 
counting which is always better (Sant, 1964) than deriving it from irequency data 
as done by Dix (1959), The grazing susceptibility number is calculated by the 
following formula ; 

Sum densities protected — Sum densities mediumgrazed 

OR 

Grazing susceptibilty _ overgrazed 

number for species densities protected Sum densities mediumgrazed 

OR OR 

(when numerator is positive) overgrazed (when numerator 

is negative) 

The grazing susceptibility number calculated by the above formula, there- 
fore, indicate the relative changes in the densities of a species on account of 
grazing. These numbers as calculated for the different grassland species in the 
protected and mediumgrazed, and protected and overgrazed stands are given in 
tabic IIL 

TABLE III 

Gracing susceptibility number for Convolvulus pluricaults and some important 
associates from different grazing grounds 

Grazing susceptibility Grazing susceptibility 

number in protected- number in protected- 

mediumgrazing fields overgrazed fields 

spcciea ~ ~ 


Plus Minus Plus Minus Plus Minus Plus Minus 


Alysicarpus longifolius 
Boerhaavia diffusa 
Bothriochloa pertasa 
Convolvulus pluricaults 
Crotalaria medicaginea 
Cynodon daclylon 
Dactyloclenium aegyptium 
Dielianthium annulalum 
Digitaria sanguinalis 
Euphorbia hirta 
Evoluulus alsinoides 
E. nummularius 
hdigofera linifolia 
Panicum psilopodium 


_ - 2 - 

3 - 9-1 

_ - 2 - 

_ 1-3 - 3 

_ _ - 1-1 

3 - 7 

_ _ - 4 

2 33-3- 

3-3 

_ _ - 3 

2 - 2 

- 2-3 - 3 

4, _ 8-3 

_ - 3 - 


1-9 

- 4 - 8-0 

_ - 6 - 

_ 3 - 5-8 

_ _ - 6-7 

- 4 - 9 

_ - - 6-2 

8-4 - 9-4 

_ - 5 - 

- - - 5 

3-2-2 

-7-8 
7-2 - 9-0 

- - 2 - 
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It is seen from the table III that the grazing susceptll)iljty nurnl)er of 
Convolvulus pin ficaulis is negative in both the stands tj,, the sp(xi<ts is capable of 
withstanding moderate and severe grazing. 

Phenology 

Convolvulus pi uticaulis is a perennial and resumes its activity by seeds which 
germinate in the month of July. Flowering starts in the month of August and 
fruiting starts in the month of September both continuing upto the month of 
April and May. The plant gets dried up in the last week of May* 

Seed Character . 

The seed characters of Convolvulus pluricaulis frona the diflerent grazing 
grounds are given in table IV. 


TABLE IV 

Seed dimension, seed shape index {length (breadth ratio), seed weight and seed density 
of Convolvulus pluricaulis 



Seed dimension 

Seed 

index: 

(L/B) 

Av* seed 
weight in 
mg. 

Locality 

Season Av. 

length 

in/x 

Av. 

breadth 

in/t 

Protected field 

Rainy 1950 

±80-2 

1170 

±'0-5 

1-7 

10-5 


Summer 1959 
± 81-6 

1191 

±77-6 

1-6 

12-0 

Mediumgrazed field 

Rainy 1759 

±40-0 

1019 

±46-0 

1-7 

2-1) 


Summer 1751 
±40-0 

1019 

±46-6 

1-7 

1-4 

Overgrazed field 

Rainy I860 

±75-11 

1218 

±116-3 

1-5 

1 2-0 


Summer 1878 
±76-2 

1224 

±118-2 

1-5 

14-0 


Seed density 


0*155 


0*1 21f 


0*103 
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a;* 




Grazing ground showing the grazitjg by animals, 


Cottvolmim plurkmlis showing variation in growth form in relation to 
intensities, 

1 - Heprcscntativc from protected liedd . 

2 =: Representative ftorn overgrazed field 


X 1/10 (approx.) 
X 1/8 (approx.) 





Se«»cl Oiitpiif 


o'ltpiu <l;it;i along w-ith the standard deviation for C. 

\rrTwrn ! ‘I'!!./ ^e^sons 

hJ (-il; ,! In, *'.; /»<• output of this plant were determined 

„n,. fl»- ’r ‘" ■’' Rt'azing field, and for the averages of seeds 

I iitut fe/t) of 0ach Hpr^oicH were taken for each type of 'fields. 


table V 


Smtmml seid ouiput of Convolvulus plurmulis from different grazing giounds 

Av. no, of Av. no. of Av. seed Av. seed output for 

Locality fruit/plant seeds/fruit output each grazing ground 

Summer Rainy Summer Rainy Summer Rainy Summer Rainy 


I’rolfckii field 






(a) 0pp. Botany Dept. 

467 

123 

2 2 934 

256 



1 lO'O 

•I-6-5 

■hO-f) -|.0'65 



(«) Bvhhid Mining 






oolkgc 

Ifilft 

-- 

2 - 3036 




■1 620 


•lO'G 

2224 

256 

(f) Ikhind Indology 






collogft 

l3.'->0 


2 ~ 2700 




1 fiW) 


1 o-r. 



Mrtitiimgfozrd peld 






(«) < >pp, Birlu lloi-ivl 

Ififi 

m 

0 2 392 

170 



■i 4 0-3 

bl8-2 

:| 0'.5 :I;0-07 



( h) Upp. Aiyar Hostel 

2.37 

m 

2 2 514 

162 



:1 4!> 

;! 2i'0 

;;l,0-6 :l:,0-07 

436 

191 

(«) Near Agii. Furnu 

201 

121 

2 2 402 

242 



:l,fi0‘0 

:l:10-6 

;1;:1'0 :J;0-72 



Overgrazed field 






(a) Opp. Ruiya Hostel 

148 

149 

2 2 296 

298 



:L'25'8 

±20-4 d,0‘6 d;;I-2 



(15) Opp. Rajputana 

252 

119 

2 2 504 

238 317 

254 

Hostel 

±30-8 d:.28-9 ±0-7 ±1-0 



(c) Opp. Science college 174 

91 

2 2 348 

182 



:l:28-9 

i:30-5 

±0-06 ±0-50 



(d) Near Central office 

1G5 

149 

2 2 330 




±-30-2 

+ H3-6 

iO-50 iO-48 




From the abov(^ lablr it is observed that the average seed output is minimum 
in the overgrazed field and maximum in the protected iduring the summer season. 
However, it is minimum in the mediurngrazed field during the rainy season, 
but maximum in the protected field. 

Gernauiation 

o\ C(mvolvulus pluricaulis 'Were collected during summer and were kept 
for germination in the same season and also during rainy season in between two 
moist filter i>apcr in a Petri dish for a month. The germination data are givcp 
in tabic VL 

t :i 


TABLE VI 


Gemination of seeds of Convolvulus pluricaulis from the different gfazhiH i^ninds 


Localit) 

Percentage 

Summer 

germination 

R ainy 

Protected field 

34 

36 

Mediumgrazed field 

27 

34 

Overgrazed field 

31 

40 


The observations given in the above table shows that the percentage germina- 
tion is higher in rainy season in all the grazing fields. The seeds h^vc no 
dormancy and germinate under normal conditions. 

Reproductive Capacity 

Convolvulus pluricaulis does not propagate by vegetative means, Hcxnal 
reproduction is calculated in terms of reproductive capacity Ibr (A 
Salisbury (1942) defined reproductive capacity as the juanhict of average 
seed output and the fraction represented by the percentage germhiatiotu 
Reproductive capacity was estimated for two seasons, %x. tlic sujrnmer and the* 
rainy. Thedata are set in table VII and VIH. Thtuable VII shows seasonal 
seed output, percentage germination and reproductive capacity, dnble Vllf 
shows reproductive capacity in different seasons as calculated !)V talviug tljc 
maximum percentage germination recorded in ihc rainy S(*ason, ' ' 

TABLE vn 


Reproductive capacity of Convolvulus pluricaulis 


Locality 


%Germina tion Av . seed output Reproductive 'capacity 
Summer Rainy Summer Rainy Summer Rainy 


Protected field 34 36 2224 

Mediumgrazed field 27 34 43C 

Overgrazed field 31 40 370 


257 

191 

254 


756 
117 
1 15 


93 

65 

111 


TABLE Vlir 


Reproductive tapaaty of Convolvulus pluncaulU from dijfeienl grazing gtuundi 

the maxirrium % germination is taken 


Locality 


Is^STe“rainy Reproductive capacity 

Summer Rainy Summer Rainy 


season 


Protected field 
Mediumgrazed field 
Overgrazed field 


36 

34 

40 


2224 

436 

370 


257 

191 

254 


801 

148 

148 


93 


n: 
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It is found from the above tables that the reproductive capacity is maxim 
in the protected field during both the seasons. In this case the plant tnrives De er 
during summer season when the vegetation is tbin and the competition is ess. 

Seed Dispersal 

Ridley (1930) describes dispersal in the family Gonvolvulaceae, as widely 
sea dispersed. In the seeds of Ccnvolvulaceae the buoyancy is due to unoccupiea 
space in the testa. As a rule the embryo fills the testa more or less mcompie e y 
and it is on the relative size of the unoccupied space that the sinking or “Oa ing 
depends. However, in the present case the question of sea dispersal does n 
arise. Hence wind helps to carry the seeds to short distances. Man unmen- 
tionally may carry the seeds with cut grass from the grazing grounds. 


Ecology 


The plant grows in diflferent grazing grounds in open and sometimes under 
shade Fig 1. It also occurs on the roadside footpath, waste places, margin o 
drains etc. This plant withstands competition with gasses and other torbs. 
The plant is equally distributed in protected and overgrazed fields fiig 


Biotic Factor 

It is subjected to various biotic factors such 
scraping etc. The leaves are palatable and the plants are 
and men. It withstands high pressure on the grazing grounds w y 

rollers are used on the fields besides games being played erery uay. 


DiacusBion 

The seasonal reproductive capacity of 
grazing grounds has been examined. It observed that the reproductiv^ 
city decreases as the intensity of grazing is increased during both the seasons. 

CmvolmU, pluricaulis yield seeds m two seasons and shape of Ae seeds 

i, ,Bectc<l by ging, 

Thu. i. i. suen thu, .ho Tjyl'utd ‘;r.TrdlLS 

varied. The nature, extent and q ^ of metabolic events where in 

organs of the plant appear to se P ^ jfjjg plant. The population of 

reproductive growth assume differen p ggasons in the protected and over- 

C.pkricaulis is equally distributed in all the scaso • / j^nt of the soil 

gied fields. But the coverage t^reases as reason for its 

increases in the rainy even thougl g disturbances. Taking 

reduction is the destruction of the ^pic , • u, jt fj found to be a increaser. 

S “Sr HO..OU 09«) 

gS“fU,i'pC7p,o«” b. rcpousibl. lo. .hi. disoropanoy. 

The dousU, has boon ..udied in n«”b“ “ 

given by Dix tl969) tot the surom that the grazing is favourable for it 

negative for C. pluricaulis meaning thereby that tne grazing 

in both the stands. 
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It is interesting to examine clVEIi/i ”U!kh 

don to grazing susceptibility numb negative grazing susceptibilitymmiber 

is favoured by grazing as indicated by ts g b Uerc the reproductive 

grazing animals in the overgrazed fields. 

A discussion of the above facts leads to the conclusion tb-'J' ^ ‘ 
speaking biotic disturbances decreases the reproductive capacity of Oonmdvulu 
pluricaulis. 
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Showing €talk-end rot of mango caused by Asfiergillu: 
Showing lateral rot of mango caused by A. niger. 
Showing Golletotrichum rot 
Showing Botryodiplodia rot. 



STUDIES ON FUNGAL DISEASES OF SOME TROFICAL FRUITS 
III. SOME POST HARVEST DISEASES OF MANGO 
{MANGIFERA INDICA L.) 

By 
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Introduction 

Mango, the choicest fruit of India, is subjected to a wide variety of diseases 
caused by different types of organisms. Among them, fungi comprise the major 
group of pathogens responsible for fruit rot diseases. Recently Srivastava a/. 
(1964) have reported a number of fungi associated with diffeient parts of the 
mango plants, but it has been ascertained that all of them were not pathogenic 
to mango fruits. It has further been observed that some of these orgi^nisms 
could attack mango fruits and may cause considerable damage to them in storage 
and market. The authors have surveyed the important mango growing tracts 
and fruit markets in India and have observed that the loss due to fungal infection 
in storage, transit and market ranges from 5 to 30%. 

The three diseases of mango included in this paper are ot common occur- 
rence and have been reported from various places, but so far no detailed study, 
based on extensive survey of wide localities, has been undertaken. 

The present paper includes detailed description of the diseases and the 
percentage of fruits infected with three pathogens. 

Material and Methods 

Methods of collection, isolation and purification were similar to those 
adopted by Srivastava et al. (1964). Morphology of the different organisms 
has been studied both under natural as well as cultural conditions. Either 
Asthana and Hawker’s medium ‘A’ or Potato Dextrose medium was employed 
for cultural studies. Granger and Plorne’s (1924) method was used for testing 
the pathogenicity. In each case the percentage infection was calculated on the 
basis of atleast one hundred fruits. 

Observations 

The percentage loss due to the three pathogens to different varieties of 
mango fruits observed at various localities in the year 1964 has been recorded 
in the Table. The dates of observation have been given in the parentheses. 

Aspergillus rot : 

Symptoms :. 

The disease usually appears at the stalk end of the fruit and is quite 
distinct from rots caused by other organisms. At first it appears as a light brown 
circular patch. The intensity of colour of the infected area depends upon the 
variety of the fruit and the stage of the disease. The lesion grows in a regular 
manner and forms large circular spot encircling the stalk. After three or four 
days the inflected region becomes sunken and at an advanced stage it becomes 
somewhat crumpled. The rot is soft in nature. Black conidial heads of the 
causal organism, Aspergillus niger van Tiegh, become distinct after five or six days 
(Fig. 1 ), 
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tABLE t 

Showing percentage loss due to three fungi lo different vai uti cs (ff nimgo 

Aspergillus rot Golletotrichum rot Botryodiploclm rot 

Varieties : — — — - 

% loss locality % loss locality ‘/o lociility 


1. 

Alphanso 

8 

Calcutta 

6 

Calcutta 




(May, 3) 


(May, 3) 

2. 

Banganapalli 

8-12 

Calcutta 






(May, 3) 



3. 

Begumpasand 

9 

Calcutta 






(May,3) 





4 

Patna 






{April, 23) 



4. 

Bomhai 



8 

Allahabad 






(June, 29) 

5. 

Chaus a 

12 

Kanpur 






{May, 7) 



6. 

Dashehari 

15 

Allahabad 

5 

Allahabad 




{June, 23) 


{June, 23) 



8 

Lucknow 






(July, 5) 



7. 

CuUbkhas 

8-15 

Calcutta 






{May, 3) 





7-12 

Allahabad 






(May, 28, 30) 



8. 

Himsdgar 

7-12 

Allahabad 

12 

Calcutia 

9. 

Krishnabhog 


{June, 17) 


{May, 8) 

10. 

Langra 

22 

Allahabad 






{June, 19) 



11. 

Makhan 

7 

Kanpur 



12. 

Neelam 


(July, 7) 

9 

Poona 






(Octoher, 9) 





9-12 

Bombay 

13. 

Pairi 

6 

Calcutta 


{Ocioher, 14) 

14. 

Rumani 


(May, 8) 

12 

Poona 

15. 

Safeda Lucknow 

35 

Lucknow 

8 

(October, 9) 
Kan pur 




(July, 5) 


(July, 8) 



14 

Kanpur 



16. 

Safeda Malihabad 

14 

, (July, 8) 
Allahabad 

8 

Calcutta. 



. 8 

[June, 24) 
Kanpur 

15 

(Alay, ()) 

Allahalatl 

17. 

Totapari 

10-20 

(July, 8) 
Allahabad 


(Juri’ 43) 




(June, 19) 





15 

Patna 




laicktiow 
CHn h) 
Calcotta 
(Mm, :i) 


(JuM, :ri) 
lajclcnow 
(Jw/r, h) 

( Calcutta 
(Afay, //} 


Kaopur 


AHal'iabiui 
(Jum, B) 
Lucktiow 
(Mv. d) 


Ihiimi 
(April, B) 
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Besides, causing stalk»end rot A, niger also causes lateral rot (Fig. 2), tip-end 
rot, or a rot at any other place. In these cases the position of the lesions depends 
on the position of injury on the fruits. Sometimes the spots are irregular in shape 
and this might be due to different types of injury caused to the fruit. Morpho- 
logical characters of the organism are similar to those described by Thom and 
Raper (1945). 

While considering the losses in storage it is interesting to note that A, niger 
is known to grow both saprophytically and^ parasitically. The authors have 
isolated it from soils as well as dead or decayed twigs or leaves of different 
varieties of mango. This organism has also been isolated from apparently healthy 
as well as withered flowers of some varieties of mango, viz.^ ‘Dashehari’ and 
‘Safeda Lucknow’ from Kara (Allahabad) ; ‘Dashehari’, ‘Makhan’ and ‘Taimuriya’ 
from Malihabad (Lucknow) and ‘Langra’ from Varanasi. 

This organism has also been found to cause damage to the fruits in planta- 
tion. During March-April, 1964, it was found to cause a dry “brown rot” of 
'Alphonso’, ‘Taimuriya’ and ‘Sukla’ varieties of mango while they were attached 
to plants at Sabour (Bhagalpur). Ai Krishnagar (West Bengal) it was observed 
that TCrishnabhogbela’ variety of mango was severely damaged by A. niger in the 
orchards. Besides being badly rotten a number of fruits had become mummified 
on account of loss of water. Manji; such fruits remained attached to the plants 
and were thus capable of supplying inoculum to the other developing fruits. It 
is thus clear that either Aspergillus rot appears quite early and damages fruits 
in plantations or the pathogen remains dormant and becomes responsible for post 
harvest decay of fruits at a later stage. 

Colleto trie hum rot : 

The anthracnose of mango is very common and worldwide in occurrence. 
Mostly different workers have observed this disease on leaves, twigs and 
flowers etc. 

McRae (1924) reported that in Madras, this disease was caused by a 
species of Gloeosporium, Stevens and Pierce (1933) and Uppal et aL (1934) 
observed that in Bombay it was due to G, raciborskii P. Henn. Later, Sattar and 
Malik (1939) recorded it from Punjab and identified the causal organism as 
Glomerella cingulata (Stonem) Spauld. and Schrenk (fiolletotrichum gloeosporioides 
Penz.). 

Isolations made by the authors from rotten fruits and infected leaves 
collected from different localities indicated that all the isolates obtained were 
morphologically identical to Colletotrichmn gloeosporioides Penz., except for the 
absence of setae. 

bymptoms : 

Circular, dark brown specks, appear on the surface of the fruits at an early 
stage. Subsequently they enlarge and coalesce to form large spots, irregular in 
shape and dark brown in colour. After five-six days the acervuli appear as 
small, salmon or dark coloured dot like bodies on the infected region (Fig. 3). 

Morphological characters of the pathogen are similar to those described by 
Sattar and Malik (1939). 

The above organism has been isolated from young as well as mature fruits 
attached to the plants, leaves, twigs and flowers from orchards situated in various 
places. It is, thus, evident that the orchards may supply the inoculum for the 
disease which may make appearance in storage or inarket, 

[ 73 ] 



Botrjodiplo Ha rot : 

Botryodiplodia theobromae causes a common posi harvest (lisfanse ol niaiijro 
fruits which is of wide occurrence in India. The disease causes coashlcrahh: loss 
during storage, marketing and transportation. 

Symptoms ; 

The infection usually starts at the stalk end of the fruit ami very randy at 
other regions. It begins as a water-soaked lesion surrounding the .stalk which 
increases and soon covers up about l/3rd to 2/ 3rd of the fruit. ' At this st iirc the 
central part of the infected area acquires a dark brown colouration and is 
surrounded by a light brown peripheral zone, the irregular rnandn of which 
assumes a water-soaked appearance. Pycnidia develop at later stave of rot as 
minute bodies. The rot is soft in nature (Fig. 4). ' 

Morphological characters of the causal organism, Botryodiplodia theobrovm 
Pat., are similar to those described by Das Gupta and Zachariach (194b), 

1 B theobromae form the infected leaves of ‘Rudikc 

""i „[ S-adi’ al Allar,al»;( aiaV'Raiaai 

Discussion and Conclusions 

It would be evident from the above finrlJntrQ 
diseases of mango fruits caused by Asternlhs nihr A// ^ luugal 

Botryodiplodia theobromae cause considerabfe dmirice and 

localities. iMucranie damage to mango crop.s in diver.se 

markets of almo^%ery^focdiTy'^X”“L[ bc^ comnionly enemmtcied in 

number of varieties. The var Jtion in percentam^ '‘T-lr" liM'ge 

as the differences in the same variety at ditfeJent rff m ? ‘ ''*"''olie.s as well 

of factors especially the environmenLl ones ‘ ''onihcr 

l-lau.., auffio... 

ently cause infection Uen thSTre ^ 00 ^^ m 

practice to use mango leaves for packing the frut^-^‘ is oornmou 

with he fruits during transportLorrfayTncJeasJth^'n!^'"^ m 

observed that mostly the^iniured f! r . Poasihihtics of infection. 

and'in it^ag^e, f„S s“e ha^vc.;? 

Summary 

■totag. tec. "“'“'■i- Sugge,.io„, iSi"?)) 
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Introduction 

A review of the literature shows that enormous work has been clone on the 
effect of application of macro-nutrients especially nitrogen, phosphorus and 
potassium at the time ()f sowing as well as at the various stages of crop develop- 
ment on the growth, yield and chemical composition of the plants. Compara- 
tively little work has been done in our country on the effect of tlu; micro-nni rients 
on the above aspects, the importance of which is very great. 

The object of the present investigation is to find out the effect of a few 
micro-elements— namely copper, zinc, manganese and tlitdr nn.-ciurr on tlie 
growth, yield and composition as revealed by leaf analy.sis. Micro elements are 
essential for various physiological activities and if available in optimum do.se, s 
will enhance the growth and final yield of the plants. 

Leaf analysis has been ^ken p a means of evaluating the nutritional .status 
of the soil as well as the effect of the treatments with mierc'-elemenfi before 

l’‘‘«N'!iorus and pmas.dum, l,a,;.tiu and 
Maume (1930), Thomas (1937) and others took diagnostic loliage a.s the lia.sis of 
investigations on plant nutrition problems. Beauchamp (l‘).l;i) has tak.m 'the 
leaf as an index of sod ^ and of crop yield on the othej 

hand, tilnch (1952) m his review has also emphasized plant analysis as f 
physiological basis for assessing the nutritional requirements of plants 
Alexander andSchmer (1954) also found definite relationship between yield of 
sugar beet and leaf analysis value. Ranjan and Das (1957), and Das (I'lhm ..v,' 

also emphasized leaf analysis as a basis of plant nutrition suidkii. ” 

n I'clatively' few in immlier 

Doyleei a/. (1952) found that potassium nitrate has pronounced and varied efiVei-I 

oa germination, growth and development of a niimhpr nF t.PtsMe. , i 

and Mandal 

pronounced effects on germination and development of tlie nlants 71 , vi m 1 
Yardya (I9a6) have advocated that it is good cultural /hezliel and 

nutrients under presowing treatment. Voykin (19571 a id t 1 ua *7 / 
the effect of phosphate on the germination arojth anVv .1 1 Ir ^ 

a.d^ ...d 0 , „l,d conn ondoc 
Material and Methods 

in the%"SM;:rSr£"ofX UnWmiW d AllEa'^^ ^^1 

namely copper, zinc and manganese were used in the fonn of a,SO,r/“asC'‘ aid 
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MnClij respectively. Preliminary experiments were performed to find out the 
concentrations at which the maximum germination took place. It was observed 
that maximum germination was in aqueous solution of 0 03% Gu, 0*04% in 
Zn and 0*08% in Mn. Healthy seeds of barley of approximately uniform weight 
and size were taken and washed with distilled water. They were then soaked 
for twenty four hours, separately in solutions of 0*03% GuSO^., 0*04yo, ZnSO^ and 
0*08% MuCIq and also in a mixture of all the three elements of above concent- 
rations mixed in equal proportion. Afterwards they were removed, thoroughly 
washed in running water and sown in unglazed clay pots of 26 cm. height which 
were coated with bitumen paint from inside and were filled with soil and cowdung 
manure in proportion of 5 : 1 ; the latter was thoroughly mixed to make it uniform. 
Similarly a control was also run in which untreated seeds were soaked in distilled 
water for twenty four hours and then sown in pots in the manner indicated above. 
Sufficient number of pots were taken for each treatment and four plants were 
allowed to grow in each pot. Four pots of each treatment and control were set 
apart for taking growth records and rest of the pots were used for collection of 
leaf material at various stages. Growth records were taken at three physiological 
stages namely vegetative, heading and milky grain stages which were approxi- 
mately 50, 70 and 90 days from the date of sowing. At these stages fully deve- 
loped and healthy green leaves of approximately the same age and expansion 
were collected at each sampling date and dried in oven at 80°G, powdered and 
used for determination of nitrogen by micro-Kjeldahl method (Paech and Tracey 
1956), potassium by the Gobalti-nitrite method (Piper, 1944), and phosphorus by 
the micro-colorimetric method (Horwitz, 1955). Similarly leaves were collected 
and chlorophyll was estimated in fresh leaves by the colorimetric method 
(Horwutz, 1955). The linear growth, tiller number, leaf number, leaf area, and 
leaf dry weight were recor led at each stage. Leaf area was measured by the 
method o£ Lai (1905). Ear characters such as number of ears per plant, length 
of ear, weight of ears per plant, number of spikelets per ear, number of grains per 
ear and absolute weight of the grains were recorded. At the time of harvest final 
straw and grain yield per plant were recorded. The experiments were conducted 
in quadruplicate and the results were analysed statistically. Analysis of variance 
has been done by F-test and statistical significance at five and one per cent levels 
has been reported in each case. 

Experimental Results 

Linear growth of the barley plants (Table I) was maximum in Zn treated 
plants and minimum in control at all the three growth stages. In general, there 
was an increase in height with increase in age of the plants upto milky grain stage. 
Tiller production was seen to be significantly affected at all the three stages of 
growth (Table I). At the vegetative stage maximum tillering was observed in 
Gu treated plants, but at heading and milky grain stages maximum tillering was 
recorded in Zn treated plants. With increase in age there was a rise in tillering 
upto heading stage and then a decline due to drying of some tillers. Leaf 
number and leaf area (Table I) was maximum in Zn treated plants at all the 
three stages of growth record. At the milky grain stage both leaf number and 
leaf area decreased in all the treatments as compared to headirg stage. Leaf dry 
matter accumulation (Table I) was maximum in Zn treated plants at all the three 
growth stages. In general, there was a increase in dry weight with increase in age. 

The number of ears per plant (Table II) increased in all the treatments as 
compared to control and was maximum in Mn treatment, Tne weight of ears 
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■ r^ti IV/T find Zo. trc5<xttiK*nts 

per plaat (Table II) showed significant increase ^ increased in Zn 

?om?aredto Control had the least number 

treatment but no number of spikelets per car. Cu, Zn and 

of spikelets per ear and Zn had ,, net ear as compared to control 

Mn treated plants had higher numb"^ found to be 

and mixture. Absolute weight of one thousanagu^^^^ treatments 

significantly affected by Zn ^ significantly higher than control 

(Xlblell). In yield stTawi>roduclion was 

Kg^LnT^nflfwt^ 

S? mfxfmum in Zn treatment and minimum in control. 

TABLE I 


Growth stages 

Control 

Gu 

Mn 

Zn 

Mixture 

S.E. 

G.D. 5% 

C.l). V 



Vertical Growth (height in cm) 




ti Vfi 

39-72 

47-55 

45-46 

49 25 

41-55 

1-34 J 

4-128 

5 788 

Heading 

55-35 

50-01 

58-65 

65-81 

57-87 

1-650 

5-083 

7-127 

Milky grain 

65-72 

70-02 

73-47 

78-75 

07*65 

1-275 

3-928 

5-507 



Tiller 

Number (per plant) 




Vegetative 

5-56 

8-42 

6-85 

8-14 

5-05 

0-250 

0-770 

1-079 

Heading 

6-67 

8-64 

8-08 

9-55 

6-97 

0-320 

()-98(» 

1-382 

Milky grain 

5-52 

6-01 

7-07 

8-55 

5-95 

0-325 

1-001 

1-304 



Leaf Number (per plant) 




Vegetative 

18-35 

27-25 

24-72 

30-17 

18-05 

1-505 

4-637 

5-507 

Heading 

27-47 

32-92 

36-85 

40-47 

28-55 

1-420 

4-375 

6-134 

Milky grain 

22-92 

18-02 

24-85 

29-55 

25-05 

1-250 

3-857 

5-399 


Foliage Expansion (Area in 

sq. cm. /plant) 



Vegetative 

25-03 

30-15 

32-16 

35-67 

26-64 

0-800 

2-464 

3-455 

Heading 

28-65 

39-68 

34-85 

40-55 

31-97 

0-750 

2-310 

3-239 

Milky grain 

24-35 

33-55 

30-55 

36-52 

23-05 

0-980 

2-742 

3*844 



Leaf Dry Matter (gm/plant) 




Vegetaive 

0-653 

0-684 

0-662 

0-782 

0-692 

0-083 

0-255 

0-350 

Heading 

0-875 

0-958 

0-943 

0-989 

0-887 

0-095 

0-292 

0-410 

Milky grain 

1-064 

1-225 

1-232 

1-288 

1-035 

0-112 

()-345 

0-483 
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At the vegetative stage a rise in leaf nitrogen as compared to control was 
noticed in Gu and Mp treatments, and the maximum value was found in Zn treat- 
ed plants. At the heading stage the effect of Zn treatment on nitrogen uptake 
proved to be significant (Table IV). There was a rise in nitrogen in all the treat- 
ments as compared to control. Maximum nitrogen was recorded in Zn treatment. 
At the milky grain stage a fall in leaf nitrogen was observed in all treatments. 
Mn and Zn treatments again led to an increase in nitrogen uptake as compared 
to the rest of the treatments including control. The amount of P taken up by 
the plants at the vegetative stage was maximum in Zn treatment while Mn 
treatment had even lower values than those in the control (Table IV). At the 
heading stage P uptake showed a rise in Gu, Zn and mixture treatments as^ com- 
pared to control. A highly significant increase was seen in P uptake in Zn 
treatment at the milky grain stage. With increase in age of the plants up to the 
heading stage, increased percentage of P in the leaves of all the treatments was 
noted and thereafter a fall. 


TABLE II 


the effect of Cu, Mn, their mixture on the ear characters of barky at the time 

of harvest 


Characters Control 

Gu 

Mn 

Zn 

Mixture 

S.E. C D. 5% G.D.1% 

Ear/ plant (No.) 

4-05 

5-92 

6-92 

5-77 

4-55 

0-930 2-865 

4-017 

Ear weight (gm/ 
plant) 

6*94 

7-81 

8-71 

8-99 

6-80 

0-275 0-847 

1-185 

Ear length (cm) 

15-12 

15-47 

15-80 

16-20 

15-20 

2-145 6-608 

9-109 

Spikelet No. 

(per ear) 

10-37 

12-25 

11-93 

13-25 

10-93 

0-535 1-648 

2-311 

Grain No. /ear 

26-85 

28-60 

29-65 30-45 

26-37 

0-950 2-927 

4-103 

Grain wt. (absolute, 







gm) 

39-27 

40-97 

39-75 

44-50 

40-11 

1*005 3*095 

4-341 




TABLE III 




Grain and straw yield of barley as 

affected by Cu, Mn^ Z^ mixture [gm.jplant) 

Yield 

Control 

Cu 

Mn 

Zn 

Mixture 

S.E. G.D. 5% 

G.D. lo/o 

Grain/plant 

7-110 

8-470 9-520 

10-978 7-530 

1-230 3-789 

5-386 

Straw/plant 

6-474 

7-604 7-849 

8-127 6-724 

0-285 0-878 

1-231 

Straw/grain ratio 

0-037 

0-047 0-042 

0-049 0-044 

0-029 0-091 

0-127 


The uptake of K was significantly affected by treatments a^he heading and 
milkv grain ^sta<^es only. The uptake of K increased only m Zn and Gu treat- 

rnBas iLpar-Sto c^tlol,. L heading ..age, A. the milky gram .tage, 
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A highest value was recorded In Zn treated plants. Total leaf chloiO[>hyll 
fT- ble^ IV) was maximum in Zn treatment and rnininnmi in control tu: the 
veeetaiivc and heading stages. At the milky grain stage ‘Mn treatment .showed 
maximum chlorophyll content whereas control showed miniimttn. In general, 
there was arise in total leaf chlorophyll content iipto 70 days and after this there 
was a decrease with increase in age. 

Discussion 

Copper, zine and manganese played a positive and signilicard. role in 
influencing most of the plant characters studied. By critical examination of the 
rowth characters at vegetative stage, it is seen that maximum vortical growtlg 
^af number, leai area and leaf dry matter is seen in Zn treated plants as com- 
pared to the rest of the treatments including control. Increase in vertical growth 
and leaf number as a result of Zn application has also been reported by Reed 
(1939). Chandler (1937) observed that lack of Zn lowered the height of the plant 
as well as the number of leaves. This increase in vertical growth, leaf muubej', 
leaf area, leaf dry matter in Zn treated plants as compared to tlic rest of thci treat- 
ments including control is due to the favourable affect of Zn on the auxin pio- 
duciion as reported by Skoog (lOlrO). The uptake of N and P in Zti treated plants 
has been found to be maximum and a corresponding increase in vertical giowuh, 
leaf number, and leaf dry matter has been observed in this treafineni at the 
vegetative stage (Fig. 1). 

TABLE IV 

leaf composition at different physiologuol stages of gr (ml h of the Imrkv plant 
Growth stages Control Gu Mu Zn Mixture S.E, (hi )* 5% (h))*i‘!u 


Nitrogen (N) mg. per 100 mg. (on oven dry weight basis) 


Vegetative 

2-975 

3 012 3-234 

3-461 

2-751 0-195 

0-51H) 

OOM'.! 

Heading 

4-018 

4-079 4-262 

4-561 

4-154 0-147 

0-452 

0-634 

Milky grain 

3-162 

3-257 3-395 

3-658 

3-056 0-175 

0-539 

U'75-1 


Phosphorus (P) mg. per 100 mg. (on oven dry we 

iglu Ixusis) 


Vegetative 

0-0038 

0-0035 0-0025 

0-0040 

0-0028 0-0051 

0-0015 

0-0022 

Heading 

0-0048 

0-0054 0-0043 

0-0057 

0-0046 0-0()12 

0 ()02(i 

0-0051 

Milky grain 

0-0040 

0-0050 0 0038 

0-0054 

0-0042 0-0001 

0-0003 

0 01)04 


Potassium (K) mg. 100 mg. (on oven dry weiglit basis) 


Vegetative 

3-921 

4-384 3-756 

4-283 

3-872 0-127 

0-391 

0 4)48 

Heading 

4-345 

4-.586 3-483 

4-967 

3-662 0-165 

0-50B 

0-712 

Milky grain 

3-164 

3-471 2-3!:. 5 

3-784 

2-874 0-1 85 

0-570 

0-799 


Total leaf chlorophyll /«g/100 mg. (on Ircslt weight ba.sis) 


Vegetative 

70-50 

75-54 73-40 

77-82 

72-51 2-735 

8-426 

9-094 

Heading 

79-25 

84-40 83-20 

87-50 

81-32 2-532 

7-BU7 

10-946 

Milky grain 

63'20 

65-53 70-53 

67-50 

64-40 2-934 

9-039 

1 2- 674 


[ 80 ] 



StrJfw 



- Effect of CujMn.Zia and their wiKtui'e cn ve^stativ* growth characters offcaTley at headtjiq shnqe 


^Grain 

^Vertical Growth 
i Tiller Nitwi'bftr 
^Loaf Number- 
i Leaf Area 
iory-Matter 



Effect of Cu.Mr.Zr and their mixture on vegetative growth characters of barley 



Firal grain and straw v'cldper plant havebetm shown at all the stages 
for rwddij reference and easy comparison 

FT6. 11 

and their mixture t reatmorit'^i on the l**af H, P » K and total 
chlorophyll al different physiological stages 

Vegetative Stage 


Note 

Effect of Cu , Mn.Zn 




D Straw 
El Grain 
iN 

n? 

0K 

HI Chlorophyll 



Mixture 




M’lky grain Stage. 


JIM 


Mi 


Control 


Hn 


2n 


nIlUIl 

Mixture 


Not«i. F'lpal grain and straw yield per pUnt haveb-een shown atalHH 
for r<»ady ref^rgince and ea comparison. 



The tiller number in Cu treated plants at the vegetative staj^e is maximum 
and there is also an increased uptake of K at this stage in this treatment as coin- 

nared to the rest of the treatments. It is due to the favouraldc alicct of Gu on 

the uptake of K (Fig. II). It shows that the treatment of barley .siaais at the time 
of sowing with Gu has led to an increased uptake of K as revealed I>y leaf analysis 
(Table IV), which in turn* has favourably inlluencecl the growth especially tillering. 
Wmilar observations have also been reported Iry Stout and Ainon (I9:i!)). The 
uptake of P and K in the Mn treated plants was ndniumm a.s eont]>areil to all 
other treatments including control at the vegetative stage imt there h.a.s been an 
increase in the N uptake in this treatment, which lias favourably a (lee ted the 
vegetative growth (Fig. I). Ihere has been slight increa.se m tin; growth characters 
of mixture treated plants over that of control but there has been no corresponding 
increase in uptake of K and P which has been even less than that of control 
(Fig. II). This decreased uptake of P and K is due to the presence of Mn which 
when givtn separately has also adversely affected the uptake of tlics<; elements 
(Table IV). 

At the heading stage, there has been maximum growth in all the vegetative 
characters recorded in Zn treatment. Increase in vertical growth and letif 
number as a result of Zn application arc quite in accordance with the lindings 
of Camp 1 1945) and Davis (1958) who noted that Zii increased the number ot 
leaves in different plants. Leaf area also .sliowed viu y markinl rise in /,n iretited 
plants as compared to all other trcauncuts incluiling control. Simibir rifect of Zn 
on leaf area has also been observed by Howard Dale (I'JliU). Tims, it is seen titai 
Zn favoured leaf expansion because in Zn treatment more ul N uptake w.is seen 
which had a favourable effect on leaf area (Fig II). Thedrymatteraceumtda- 
tion was found to be maximum in Zn treated plants a.s eompared to ;dl other 
treatments including control. Sommer (1928) and Virlanen (lU leputfed that 
the application of Zn maintained a more balanced growih ol the plants. 


The final grain and straw yield has also been found to lie nm.'dmum in Zn 
treated plants (Table III). Reed (1942) has also reported hij^her yield in tliUVretit 
crops by the use of Zn. The influence of presowing iretuinents on yicUl was 
most pronounced in Zn treated plants. Hie increased gtidn and .sirtiw yield in 
Zn treated plants has been due to the Zii ireaiment which lui.s rnhane.ed the 
growth of the barley plants. Tiic higher yield of tin; plant.s tretifed with Zn 
could be correlated with the high uptake of N and K ol.served in .snch plants and 
also the increased tillering. Straw yield also increjt.sed with Zn, Gu, Mn .nul 
their mixture treatments as compared to control (Table HI) and maximum straw 
y eld was recorded m Zn treated plants. Similar increase in .straw yield was 
also reported by Reed (1942). Straw/grain ratio showed a gradntd iticrettsc from 

frTaUd nlms^^Tr^h^ maximum straw/grain ratio was observed in Z«« 
tre ted plants. There has also been a maximum uptake of N and Iv and also 
leaf chlorophyll as compared to rest of the treatments including control. 

50 70^Tvs^"and^ th ^ ^ barley leaves was found to increase between 

ou /u days and then a decrease was noted. Schertv ( l<)9<)i nlun vh,,,,,.. i .i ... 

with the growth of reproductive structures the nhro geno, s clu omu “ 
located from leaves and stems to the devclooinir s,.,.rir-u l *»<• 

in the lowering of the concentration of N i^ ie -ats ' n - : 
all the stages iaZn as comDared to mr f paI ^ r ’ 1 hi, lui^h value of Nat 
Zn favoured N uptake In barlev leaf P * -i mi sup|)orted the view that 

days i.r.. at the iEm fltSg! biAatT on“h emla ‘to'r^ 

in all the treatments. The d^ease ot^^ intL- h™ ‘bterease with age 

m tut leaves may also be due to its 
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translocation to reproductive parts, where it is usually believed to be transferred. 
The uptake of K was veiy rapid in Zn treatment between 50-70 days as shown by 
leaf analysis (Table IV). A corresponding increase in the growth of the plants 
was seen (Fig. 1). These data clearly indicate that higher uptake of "N P and 
K and also chlorophyll content in leaf at the heading stage is associated with the 
increased final yield. 

In Cu treated plants at the heading stage there has been an increased uptake 
of N, P and K as compared to control (Fig. II). There has also been a correspond- 
ing increase in vegetative growth characters which indicates that Gu treatment 
has favourably affected the growth and uptake as against control. Similar effect 
of Cu given in soil on vegetative growth characters has also been observed by 
Sommer (1931). Thus it indicates that the treatment of barley seeds at the time 
of sowing with Cu has led to an incre< sed uptake of K as revealed by leaf analysis 
(Table IV) which in turn has favourably influenced the growth especially tiller- 
ing. Similar observation has also been reported by Mitchell (1944). 

The uptake of P in the Mn treated plants at the heading stage was minimum 
as compared to all other treatments at this stage and this condition was true even 
at the milky grain stage (Fig. II) . This decreased P and K uptake has delayed 
the maturity of the plants in this treatment. This fact is supported by the amount 
of total chlorophyll which is maximnm in Mn treatment at the milky grain stage 
(Table IV). The fact that the active growth has continued is further supported 
by the uptake of N which has remained comparatively high at the heading and 
the milky grain stages as compared to all other treatments except Zn treatment 
(Fig. 11). The number of ears per plant at the time of harvest was maximum in 
Mn treated plants. Therefore, it seems that ear bejiring tillers continued to be 
produced in this treatment ; whereas in Zn treatment which although recorded 
maximum number of tillers at the milky grain stage could not produce maximum 
number of ear bearing tillers. Increase in ear number as a result of Mn applica- 
tion is quite in accordance with the findings of McHargiie (1923). 

The uptake of P and K in mixture and Mn treated piants is less than that 
® in control at the heading stage. In these treatments the leaf K values decreased 
with increase in age of the plants which continued upto milky grain stage, where- 
as in control, Gu and Zn treatments there had been an increase in K* uptake 
at heading stage as compared to the vegetative stage, and then a subsequent 
fall with increase in age as seen at the milky grain stage (Fig. II). This 
fact indicates that there has been some detrimental effect ot the presence 
of Mn on the uptake of K from the very beginning. This detrimental 
efifect has been less pronounced in tne Cu-Mn-Zn mixture treated plants 
probably due to the presence of Cu and Zn which when given separately have, 
definitely led to an increase in the uptake of P and K. Similar observations 
have been reported by Sideris and Young (1949) that manganese also affects 
magnesium content of tissues though calcium, potassium and phosphorus are not 
much affected. 

SumiiGiary and Conclusion 

A study on the effccis of Cu, Mn and Zn and their mixture treatments to the 
seeds ol {Hot deiim valgare L. var. C. 251) grown in pots in sandy loam soil 

was conducted. CuSC\ (()-03%), Mncla (0*08%), ZnSO^ (0*04%) and their 
mixture at the above concentrations were given to the seeds at tht time of 
sowing. Along with these a control was also run consisting of untreated seeds. 
Observations were taken at the vegetative, heading and milky grain stages which 
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were at 50, 70 and 90 days from the date of sliolwiug. Height, tillef number, 
leaf number, leaf area and leaf dry weight were recorded. Variou.s (wr cliiiracter.s 
and final grain and straw yield were also recorded .at tlic^ tune of h.arvest. 
Leaves were collected at all the three stages and were ;m.aly,s(;il lor^ hf, 1\ Iv and 
total leaf chlorophyll. All the results were subjected to st.itislie d ;ui,ily,si,s 
and highly significant results have b wn obtained wiiicli Iia,ve lnnm disc.usswl in 
detail. 

The above study clearly indicates that prcsowiug lrca,triieiii with nucro- 
elements has significantly affected the growth, yield a, nd leaf coiiilHi.sitioti of the 
barley. The vertical growth, leaf number, leaf area, tiller number ami leaf dry 
matter were found to be higher in Gu, Mn and Zn treated plauts as eompared to 
control All the growth characters studied were afferted to a maximum extent in 
those plants which were given presowing treatment with Ziu The ear characters 
and final grain and straw yield were also found to be higher in those plants 
which were treated with Cu, Mn and Zn at the time of sowing as eompared to 
those plants which were not given any presowing treatment. However, the 
presowing treatment of barley seeds wdth Zn gave the best and significantly 
highest results. 

The uptake of N, P and K as revealed by leaf analysis at vaiious pltysio- 
logical stages was also significantly afiected by the presow'ing treatmrnt,s. With 
cemparisoa to control the uptake of P and K wove naantied to be highest in 
those plants that were given presowing treatment witli (lu and Zn* The presow- 
ing trentment with Zn led to an increase in the amount of total leaf ddorophyll 
at the vegetative and heading stages which in turn favourably allheUul tlic 
final yield. There is a positive correlation between tlu^ haaficiuiiposition 
at the vegetative and heading stages and the fma,! yield. ni|»;hcr N, P and 
K uptake as revealed by leaf aualysivS are conadated with hi|th liual yield* This 
fact is best born out in Zn treated plants. Mir treatment delayed maturity of 
the plants which is evident from tlic amount of total leaf cldoruphyli which was 
found to be maximum in this treatment at the milky grain slajyt. There h,u» been 
a decreased uptake in Mn treated plants as revealed by tlie decreased aiiumtu " 
of P and K recorded in the leaf at all the stages as comijaied to the rmu. of tlie 
treatments. Such presowing treatments witli nficro-clcunmtH can i)c of great 
practical utility and can be used to overcome the deficiency of the micioudements 
present in different soils, 
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Introduction 

Madhya Pradesh is one of the largest states of the Indian Union in the 
centre of India and, therefore, presents floristically one of the most interesting 
sectors of the country. Yet, no ‘‘‘Flora’’ exists for this State. With a view to 
overcome the lacuna in our knowledge of the botany of this area, some check-lists 
on trees, shrubs and herbs of parts of Madhya Pradesh {cf. Wood, 1902 • Hole 
1904 ; Witt, 1908, 1911, 1916 ; Biscoe, 1910 ; Haines 1916; Kenoyer. 1924 ; Sagreiva* 
1938 ; Mooney, 1P42 ; Narayanswamy, 1960 ; Maheshwari 1960, 1961, 1962, 1963 
Subramanyam, 1961 ; Joseph, 1963) and papers dealing with the families, *Gram- 
ineae, Cyperaceae and Orchidaceae (Tiwari, J954, 1955, 1963 ; Tiwari and 

Maheshwari 1963, 1964) have been published. 

As a result of several extensive collection tours undertaken between 1962 to 
1964, about 3000 field numbers of plants have been collected. These have been 
identified to about 700 species. In two earlier communications in this series of 
papers (r./. Panigralu et al, 1965 and Panigrahi and Arora 1965) families Dillenia 
ceae to Rubiaceae (excluding the family Leguminosae) and comprising 193- 
species have been dealt with. This paper presents an enumeration of 74 species 
belonging to the families Ebenaceae to Gonvolvulaceae, following Bentham and 
Hooker’s (1883) System. Our observations on the habit, habitat, colour of flowers 
and fruits, abundance, exact localities of their occurrence, names of collectors and 
the field nos. of plants and finally, the flowering and fmiting seasons, are append- 
ed to every species enumerated. The most recent names, consistent with the 
International Code of Botanical Nomenclature, have been utilised as far as avail- 
able. The names used in the Flora of British India have been indicated by the 
abbreviation FBI, followed by volume and page reference against every species 
enumerated. 

ENUMERATION 

EBENACEAE 

Diospyros cordifolia Roxb, ; FBI, 3 ; 555. 

Shrub upto 5 m. high, on hill slopes. Fruit globose, orange yellow in colour • 
calyx persistent, large, foliaceous. Abundant. Katni : Sarda hills (Mahihar)! 
Panigrahi 6696. Fruits December. * 

D. melanoxylon Roxb. ; FBI, 3 : 564. 

Tree upto K) m. high in mixed and sal forests ; bark greenish black, breaking 
into rectangular blocks. Calyx persistent, lobes cordate with wavy margins. 
Fruits globose, green-black with crustaceous pericarp. Abundant. Sidhi : Majha- 
uli. Pi^nigrahi and Verma 5641. Morena : Kunnoo. Panigrahi. 5915. Hoshangabad : 
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Dhupgarh. PanigraH 6688. Sidhi. Panigrahi and Singh 2194. Fruit.-) September 
to January. 

D. peregrina Gurke ; D. mbryopiais Pers. ; FBI, 3 : 556. , 

Ibundanf Bastar’: Chitrakut falls. an.l dreru 1187. 

Spur ; Dharamjaygarh. Arora 3786. Fruits February to Apul. 

STYRACEAE 

Svmplocos spicata Roxb. ; FBI, 3 : 573. , , n 

Tree upto 8 m. high, in evergreen forests. Flowers sessile f | '.‘Jf 
entkes Drupe ribbed.^ Tagdalpur : Bailadilla. Pamgraht and dwu 6.)1(}, bJl *. 

Jagdaipur: Mallinger valley. Panigrahi and drora 1029. Flowers and Irmts 
February. 

/■YT r« A A T? 


Jasminiim malabaricum Wt. ; FBI, 3 : 594, 

Scandent shrub. Flowers white, pleasant smelling ; calyx IoIh’S lineat^ 
hairy. Jagdaipur : Dhanora-Orchha. Jain 4060. Flowers Ai)riL 

j multiflorum (Burm.) Andr. piibescens Vl'ilUl. ; FBI, 3 : 592. 

A climbing shrub along roadside and in mixed forests, blowers ty bite, 
frasnant ; calyx teeth, densely villous. Abundant. Katni. Puniiitahi OOlK!. Hidiu : 
Majhauli. Panigrahi and Singh 2360. Bilaspur : Jashpurnagur. Aram 
Flowers and fruits December to May. 

Nyctanthes arbor-tristis Linn. ; l^BI, 3 ; 603. 

Shrub upto 5 m. in the outskirts of dry deciduous forests and on hiU tops. 

Flowers creamy white, scented, corolla tube pink. (Ja|)s\ile green to lunwtg 
compressed. Abundant. Rewa : Suhagighat. iVn/iifm/u 50113. Sidlu. Panipjahi 
and Verma 5417. Sidhi : Majhauli. Pamgrahi aud Singh 2127. Jagdid|»ur ; 
Motinala. Jain 2809. Flowers and fruits September to January. 

Sebrebera swietenioides Roxb. ; FBI, 3 : 604. 

Tree upto 10 m., in mixed deciduous forests, dapsule wooily, obovoid, 
greenish brown, 2-valved, drooping downwards; highly whitish Icmticular on gif'cn 
body. Morena : Goras. Panigrahi 5913. Jagdaipur : Chandanor idrests /Vnn',i,oii/u 
and Arora 6828. Fruits November to February. 

APOCYNACEAE 

Carissa congesta Wight ; C. carandas Linn. ; FBI, 3 : 630. 

Thorny shrub upto 3 m. on forest edges and rocky slopes ; spines straight or 
slightly curved. Berries brownish green turning black on ripetdng, sottr in 
taste. Abundant. Sidhi : Dubri. Panigrahi and Verma 5G2L Sidhi : Barkadol. 
Panigrahi and Singh 2172. Fruits October to January. 

Catbarantbus posillus G. Don. ; Vinca pusilla Murr. FBI, 3 : 640. 

Annual herb along cultivated fields and on banks of rivers. Flowers mintire, 
greenish, ; sepals filiform. Follicles in pairs, dehiscent. Raipur, fain 52()5. 
Poshangabad : Bori. Panigrahi 6288. Flowers and fruits October to December. 
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ttolarriiena antidysenterica Wall, j FBI, 3 : 644, 

Shrub upto 5 m. high, in open Anogeissus pondula—Acacia catechu forests. 
Flowers white. Follicles in pairs, cylindrical with small white spots. Abundant. 
Jagdalpur : Dante wara. Jain 5187. Jagdalpur : Sukma. Jain 5233. Gwalior : 
Kunnoo river bank. Paidgrahi 5899. Fruits September to November. 

Wvightia tinctoria R. Br. ; FBI, 3 : 653. 

Tree upto 5 m., in dry and moist deciduous forests, amongst rocks ; with 
milky latex. Follicles in pairs upto 30 cm. long, dark green, lenticular, joined at 
tip when young. Abundant, Gwalior : Takanpur. Arora 62. Rewa : Suhagi 
hills. Panigrahi and Verna 5430, 5431. Gwalior : Pabra damsite. Panigra/ii 
581 1'. Hoshangabad : Pachmarhi. Panigrahi 6594. Rewa: Chachai fall. Pani- 
grahi and Singh 2472. Fruits October to January. 

W. tomentosa R. & S. j FBI, 3 : 653. 

Shrub upto 5 m. high. Follicles connate into a cylindric body with deep 
groove on each side, tapering at both ends, rough with white tubercles. Fairly 
abundant. Ploshangabad : Dhupgarh. Panigrahi 6677. Fruits December. 

Norium indicum Mill ; JV. odorurn Soland ,* FBI, 3 : 655. 

Shrub upto 5 m., along streams. Fruits in pairs, green and ribbed when 
young, on maturity becoming brown, dehiscent ; seeds with brownish silky coma 
Scarce. Shivpuri : Panigrahi 6079. IFruits November. 

Ichnocarpus frutescens R. Br. ; FBI, 3 : 669. 

Shrubby climber, upto 10 m. high, forming canopy on trees and shrubs. 
Flowers white-pinkish, scented, in rusty, pubescent cymes ; corolla-lobes 
deflected, villous. Fruit a pair of slender follicular mericarps. Abundant. 
Katni ; Lakhapateri. Panigrahi 5050. Balaghat-Seoni. Jain .5274. Rewa : Kaimur 
hills. Panigrahi Cixxd Verma 5535 Rewa. Panigrahi and Arora 6165. Sidhi : Panigrahi 
and Singh 2143. Flowers September to November. Fruits January to February, 

ASCLEPIADACEAE 

Hemidesmos indicus (Linn.) Schult. ; FBI, 4 : 4 

Shrubby climber upto 7 m. Leaves very variable in form. Flowers yellow- 
ish brown, corolla rotate, lobes fleshy- Fruits in pairs. Abundant. Raipur : 
Kanker-Keskal. Jain 5127. Hoshangabad: Kesla. Panigrahi 6411. Flowers 
September ; Fruits December. 

Q|.yptolepis buchanani Roem. and Schult. ; FBI, 4:5 

Climber on Tectona grandis, and shrubs. Follicles usually paired, broader in 
the middle and tapering towards ends. Fairly abundant. Hoshangabad : Ludhi- 
dhana. Panigrahi 6271. Fruits December. 

Calotropis gigantea R. Br. ; FBI, 4:17. 

Shrub with milky latex in sandy bed of river and in dry exposed habitats. 
Flowers hluish-white, corolla lobes recurved and spreading. Abundant. Bilaspur : 
Dharamjaygarh. Arora 3814. Flowers April. 

C. procera R. Br. ; FBI, 4:18. 

Shrub with milky latex, scattered in fields and valleys in dry deciduous 
forests. Flowers whitish-pink, corolla lobes erect. Abundant. Betul : Ghicholi. 
Panigrahi 6396. Flowers December. 
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Pentatropis spiralis 


DCae. ; FSI, 4 


19.. 

(1300 


Flowers axil bu y, corolla-lobcs 


Twinner, base, gradually narrowed to 


Bailaddla. Panigrahi and Arora 6988. 


Flowers and Fruits February. 

GyniDema sylvestre R. Br. ; FBI, 4 : 29, 

nimber upto6m. on bushes forming netted appearance. I'ollicles in 
uiiDiDci H at both ends. Abundant. Rewa : .Suhagighai . /Vun^-raAi 

lu? KtngXd ‘ Ke,la. /'..ijrfi 6M1 Jaed»l, 0,1,, ,-alb. 
PanigraUand Arora m2. Fruits November to February. Hindi (nultnar. 

Pergnlaria daemia (Forsk.) Chiov. ; Daemia extensa R. Br. ; FBI, 4 : 20 

^rumbfr uDto 7 m. 1 stem brown pubescent with emergences. 

,eddi.h btw» oS “id. »d pal. yellow ieside. Folli.te up.o 5 
reaaisn mow j j 1 ^ covered with short eclunate outgrowths 

Arora 1397. Sidhi : Dubri. Panig, 


, Mowers 
spindlc- 
Abun- 


Upwa • G“ovindgarh Road. Arora 1397. Sidhi : Dubri.” /Wgra/ii and 
Fermfl 5635. Shivpuri. Fanigra/u 6075. Bhopal. /'«nigrfl/ii 6241. Sidhi : Garhwa 
Panigrahi and Singh 2451. Nagpur-Raipur. Fa«grfl/» and drmi (.7.55. Flowers 
and fruits October to February. 

Dregea volnbilis Benth. var. lacuna Hk.f. ; FBI, 4 : 47. 

Climber upto 10 m. in dry deciduous thorn forests. 

9 cm. long and 1-5 cm. 

Morena: Kunnoo. Panigrahi 5Bb2. Fruits November. 


|'’oUicles ill 
full of latex; 


pairs, alioiU 
Abtttulaiu. 


LOGANIACEAE 


Buddleia asiatica Lour. ; FBI, 4 ; 82. 

Shrub upto 2 m. high ; along riverbauk and .streams. Flnweis white, 
scented. Capsule brown, drooping, deliising by valves. Fairly fb‘““laiu. Rewu : 
Nand forests. Arora 672. Hoshangabad : Rorighat. Pauigraht (i.)2l>. Jagdalpur : 
Bailadilla. Panigrahi and Arora 1067.^ Sidhi : Jiyawmi. Panigrahi and Singh 
2402. Flowers and fruits December to Febru.ary. 

GENTIANACEAE 


£xacum perrottetii Criseb. ; FBI, 4 : 95. 

Herb upto 0-5 m., stem rectangular having two sides, grooved alternately 
from nodes. Flowers tetramerous, blue violet. Capsule globosK-ovoid. Sc, •tree. 
Jagdalpur : Panigrahi and Arora 6842. Flowers and fruits February. 

Exacum pedunculatum Linn. ; FBI, 4 : 97. 

Annual herb upto 25 cm. high; in muddy habitat ; stem winged. Flowers 
violet. Scarce. Mahihar : Lalpur. Panigrahi 6221. Flowers December. 

Hoppea dichotoma Willd. FBI, 4 : 100. 

Annual succulent pale green herb upto 12 cm., in roadside drains in black 
alluvium and in sandy loam. Flowers pale yellow. Capsules globose, covered 
with acute calyx teeth. Abundant. Cwalior ; Dabra. Panigrahi 5762, Sidhi ; 
Majhauli. Panigrahi and Singh 2118. Flowers and fruits November to January. 
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firytliraea roxWrghii G. Don. ; FBI, 4 : lO^!. 

Annual herb upto 25 cm,, in dried up drains under shade, along roadsidet» 
Flowers pink with whitish throat, papery when dry, funnel-shaped. Abundan* 
Deolapara-Nagpur. Panigrahi and Arora 67)9. Flowers February. 

Canscora diffusa R. Br. ; FBI, 4 : 103. 

Annual dichotomously branched herb upto 25 cm., in black alluvium and 
amidst pebbles and lateritic soil ; along water in shade. Stem 4-angled. 
Flowers pink. Abundant. Rewa. Arora 658. Shivpuri. Panigrahi 6090 Satna : 
Khajuraho. Panigrahi 6138. Hoshangabad : Bori. Panigrahi 61^65. Sidhi : Majhauli. 
Panigrahi and Singh 2103. Bilaspur : Partabpui’. Arora 3941. Flowers November 
to May. 

Canscora decussata Rocin. and Sch. ; FBI, 4 : 104, 

Slender annual herb upto 30 cm. ; stem 4-angled, stem and pedicels winged, 
the wings broader above. Flowers white. Capsule brownish white, spindle 
shaped. Sidhi : Gandhigram. Panigrahi and Verma 5594. Sidhi : Barda-Chittarangi. 
Panigrahi and Singh 2413. Flowers and fruits October to January. 

Swertia corymbosa Wt. ; FBI, 4 : 126. 

Herb upto I m. high. Dry petals wliite papery. Capsule about i cm. loug 
with numerous dark brown rugose seeds. Abundant, jig.lalpur: Bail.idilla. 
Panigrahi and Arora 6351. Flowers and fruits Febiuary. 

Nympboides cristatum (Roxb.) O. Kuntze ; Limnanlhemum cristaturn Griseb. ; 
FBI, 4 : 131. 

Perennial aquatic plant in shallow water and muJ. Stern petiole-like endin 
into an orbicular cordate leaf. Corolla white ; petals entire with a ridgedike 
protuberance in the middle. Abundant. Raipur. Panigrahi 5099. Moreaa : 
Kunnoo. Panigrani Rewa : Mohri Katra. Panigrahi 620J. Sidhi: Majhauli 

Panigrahi and 2197. Flowers September to April. 

Nympboides iudicum (L,) O. Kuntze ; Limnanthemim indicam (Linn.) Griseb. 
emed Thw. ; FBI, 4 : 131. 

Perennial aquatic plant floating in ponds. Leaves at the end of petiole like 
stem, orbicular, cordate, much largct than TV. cristatum and aie upto 22 cm. in dia. 
Flowers snow white ; petals hmbnated. Abundant. Rewa ; Roopsagar Lake 
Arora 682. Hoshangabad ; Bori. Panigrahi 6380, Flowers December to February. 

HYDROPHYLLACEAE 

Hydrolea zeylatiica (L.) Vahl. ; FBI, 4 : 133, 

Annual creeping herb rooting at nodes with ascending branches upto 9 cm | 
in loamy soil under shade. Flowers pinkish white to blue violet. Capsule thin 
and transparent. Morena : Goras. Panigrahi 5941. Jagdalpur : Dantewara. 
Panigrahi 67 79. Flowers and fruits November to February. 
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BORAGiNACEAE 


Cordia macleodii HK. f. & Th. 

Tree upon G m., bark peeling off in blocks, bark wliilc inside; (lowers 
crean.y ycbow, fiuiis small enclosed in woolly calyx. Jiilaspur : lashtaiuiUKar 
ifora 3831. lowering April. ' e. > 

Gordia grandis Roxb. ; FBI, 4 ; 137. 


Tree upto 14 m. high in 
Scarce. Jagdalpur : Bailadilla. 


evergreen .forests. Fruits pale green pnrple. 
fanigrahi and Arora 6955. Fruits February. 


Goldenia procumbens Linn. ; FBI, 4 : 144. 


Perennial rosette-like, white silky herb in recent sandy alluvium along 
streams ; one of the pioneer species in such areas. Flowers yellowish, incon- 
spicuous. Drupes brown. Gwalior : Pabra damsite. Panigrahi SBf'd, Rewa • Rani 
Talab Hanji 1484. 


Rotula aquatica Lour. ; Rhobdia lycioutes Mart. ; FBI, 14 : 14.5. 

Undershrub upto 1 ra. along the sandy banks and in the sandy aiui rocky 
bed of the rivers; stem brown, lealhery hard. Flower.s blood red-pink. Drupe 
red, of 4 pyrenes. Abundant. Jagdalpur : Mukki. Jnh, 5281, Jabalpiu : ( dihapra 
Panigrold 6231. Jagdalpur : Dantewara ; Panigrahi ami Anra (>7m. p ewa, Dhatdiai 
Panigrahi 2467. Flowers and fruits December to February. 


Heliotropitim supinum Linn. ; FBI, 4 : 149, 

Annual whitish woolly herb along roadside. Flowers while ;( ' 
hairy enclosing the fruit ; corolla lobes rounded. Nutlets 2, nieo'. 
Seoni. Panigraln 6249. Flowers and fruits December. 


ilyx densely 
. biiugar : 


H. ovalifolium Forsk, ; FBI, 4 : 150. 

Annual herb branching from a perennial rootstock ; in dried uu ditches 'uid 
Panigrahi 5816,5827. Rewa - Amarnatmi 7'^^- V ^ 

Mhoi, 5567. Flower, and '“■'‘"'I 

H. strigosum, Willd. FBI, 4 : 151. 

Fiow.“‘‘"xfef .p'""', ■''■is-'-- 

Fairly abundant. Bilasput r Dbaramjayearh . A,.r. lOT?, 37^ 1 ', .''pli,’,"' 
H. scabrum Retz. ; FBI, 4 ; 152. 

MurenarG.,,,. 5531, FiSb^; Se^i'rbe,. ./SiL 

H. indicttm Linn. ; FBI, 4 : 152, 

Annual herb covered with stifT hniVc 

sfperating into two pvrens. Abundant ovoid, ribiied 

Flowers and fruits September. ' J‘‘b''-*olpui' : J,)antcwant. Jain ,‘.1C| 
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TrlcEodesma indicum R, Br. ; FBI, 4 : 153. 

Annual stiff hairy xerophytic herb upto 0*5 m., on hill slopes and amidst 
grasses. Flowers blue violet to pink, sometimes even white. Fruits- of 4 nutlets 
which are rngosely regularly pitted. Hoshangabad : Rorighat, Fonigrahi 6528; 
Bilaspur : Jashpurnagar, Arora 3835. Flowers and fruits December. 

T. amj^Iexicaele Roth ; FBI, 4 : 153. 

Annual hirsute herb upto 50 cm, hairs stiff hairy. Flowers bluish ; petals 
with slight pinkish tinge ; connectives dark chocolate with whitish woolly 
outgrowths. Fruits of 4 nutlets enclosed by calyx. Abundant, Rewa : Ghachai 
falls. Hanji Rewa. Panigrahi and Verma 5504:, Raipur, Panigrahi and Arora 

6741, Indore, Arora 5511. Hoshangabad : Adna river, Panigrahi 4338, Flowers and 
fruits October to February. 

T. 2 #ylaiiicum R. Br. ; FBI, 4 : 154. . 

Annual hairy weed in cultivated fields. Flowers bluish; calyx lobes at 
fruiting stage rounded at base, never hastate, Fruits of 4 nutlets. Fairly abundant. 
Jagdalpur : Montinala-Rul. Jain 2924. Hoshangabad : Bori-Betul, Panigrahi 6410, 
Flowers and fruits December to January. 

Cynoglossum zeylanicum (Wall.) Thunb. ex Lchms. C. furcaium Wall. ; FBI, 4 ; 
155. 

Perennial herb upto 1*25 m., in forest undergrowth and in frost hole of 
Harapara (Bori) ; stem and leaves apressed hairy ; flowers bluish white. Nutlets 
dull green to dirty grey, covered with prickles which stick to clothings. Abundant. 
Hoshangabad : Bori, Panigrahi 6451. Dhupgarh. Panigrahi 6654. Jagdalpur : 
Mallingar valley. Panigrahi and Arora 1025. Flowers and fruits December to 
February. 

C, wallichii G. Don. ; FBI, 4 : 157 C. glochidiaium Wall. ; FBI, 4 : 156. C. deniicula- 
turn DC. ; FBI, 4 : 151. 

Perennial herb ; stem covered with bulbous based hairs. Nutlets covered 
with glochidia. Abundant. Jagdalpur : Kanker-Keskal. Jain 5123. Fruits 
September. 


CONVOLVULACEAE 

Rivea hypocrateriformis Choisy ; FBI, 4 : 184. 

Climber on Z^zyphus sp. along with Cardiospermum helicacabum in dry decidut- 
ous forests. Flowers pink, fruits brown. Common. Morena : Kannoo river back. 
Panigrahi 5900. Betul : Koihalkunda, Panigrahi 4324. Flowers July. Fruirts 
November. 

Argy^^ci^ nervosa (Burm. f.) Boj=/4 speciosa Sw. FBI, 4 ; 185. 

Climber upto 10 m. high ; leaves whitish on the under surface. Fruits dry, 
shining brown with persistent calyx ; biacts deciduous. Jagdalpur : Kanger 
valley : Panigrahi and Arora 1127. Fairly abundant. Fruits February. 

A. daltoni Clarke. ; FBI, 4 : 190. 

Climber, sometime creeping amdish forest undergrowth ; flowers purple, 
l^aipnr : Jagdalpur 100 mile. Jain 5115 : Flowers September. 
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A. sctosa (Roxb.) Choisy ; letlsomia seiosa Roxb ; FBI, 4 : )94. 

A climber on hedges. Flowers pink. Scarce. Jagclalpur : Navayanpur- 
Daudairoad. 4006. Flowers November. 

A. involacrata C. B. Clarke. ; FBI, 4 . 187. 

nr U -in a nala : fruits on long pcdimculiUe cyinM, face 

Chjnberup o 3 m m a na,a has falle... Scarce. Jag.lalpur. 

A bella (Clke.) Raizada. L. della Glke. 

Climber; young parts densely tomentose ; fruits dehiscent. Bilaspur : 
Jashpurnagar, Arora 3851. 

Erycibe paniculata Roxb. , i n i " 

Climbinff shrub, young parts tomentose ; flowers yellow i fnuls black, fleshy. 
Bilaspur : Kathgora, Arora 3718. Flowering and fruiting Apnl 

IpoBioea muricata (Linn.) Jacq. ; FBI, 4 . 197. 

Climber upto 3 m. ; stem brown, covered sometinu: witli niintite recurved 
prickles. Flowers with chocolate wliite .sepals, Se(uls dark bm glabrous. 
Abundant. Jagdalpur. Jain 5204 ; Sidhi. Famgrahi and I ernm^ al 20. Mowms and 
fruit September to October. 

I. angulata Lamk. ; /. coccinea Linn. ; IBI, 4 : 199. 

Scandant herb, often climbing on roadside bushes forming langh-d mass, stem 
brownish. Flowers blood red. Capsule smooth ovoid, (adiivated in gardens, often 
found as an escape. Sidhi : Dubri. Panigrahi miWenna 5018 ; Nigod. ramiirahi 
6143; Hoshangabad : Bori. Panigrahi ioM2, Flowers and truUs October to 
December. 


I, quatncclit Linn. ; FBI, 4 : 199. 

Spreading climber on shurb. Flowers with corolla tube liglii led but lobes 
shining red; cultivated, sometime as escape. Jagdalpur: (Jidam. Jain 5173; 
Sadhi: Majhauli. Panigrahi and Vertna 5608. Flowers September to October. 

I. pestigrides Linn. ; FBI, 4 : 204. 

A profusely hairy climber upto 2 m. Fruits pale white turning brown on 
maturity ; seeds black. Abundant. Jagdalpur : Sukma. Jain 5239. Rewa. /*ard^ 
grahi and Verma 5503. Gwalior : Pabra dam site. Panigrahi 5805. Flowers and 
fruits September to November. 


I. obscura Ker-Gawl. ; FBI, 4 : 207. 

Climber on bushes and hedges upto 3 m. Flowers pale yellow, pink at base 
only. Fruits shining from a distance ; seeds dark brown, densely hairy, Almnd- 
ant. Moiena : Sabalgarh. Panigrahi 5855. Shivpuri-Jhansi Road, Panigmhi til 05 
Flowers and fruits November. 


1. aquatica Forsk. /. reptans Poir. ; FBI, 4 : 210. 

Creeper in mud and in shallow water, sometime climbing in a nala. FhiwersS 
pinkish white ; corolla darker in the throat. Abundant. Rewa : Kakshnii tFalab. 
HanJi Uei. Moxena : Kunnoo. Panigrahi 5852. Jagdalpur : Bailadilla. Panigrahi 
and Am a 6893. Flowers and fruits February to April 
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I. pilosa Sweet ; FBf, 4 : 213. 

Climber on hedges, next’to swampy n^ar dam. Flowers dark brown. Scarce, 
Gwalior : Jora, Fanigrahi 5806. Flowers November. 

I. crassicaells (Benth.) B. L. Robinson. 

A commonly cultivated shurb for hedges upto 2 m. high, sometime an 
escape ; stem hollaw. Flowers pinkish outside but red inside. Balaghat. Jain 
5267. Sidhi : Deosar, Fanigrahi and Verma 5426. Bilaspur : Kathgora. Arora 
3742. Flowers October to April. 

I. cymosa R. & S. 

Climber on bushes by the side of a nala ; fruits brown. Bilaspur : Dharman- 
joygarh, Arora 3753. Fruiting April. 

Merremia aegyptfa (Linn.) Urban. ; Jpomom pentaphylla Jacq. ; FBI, 4 : 202. 

Climber upto 2 m. high, s^em hairy. Flowers with densely hairy calyx. 
Capsule ovoid, papery ; seeds light brown. Sidhi : Dubri. Fanigrahi and Verma 
5626. Gwalior : Fanigrahi 5784. Flowers and fruits October to November. 

M. tridentata (Linn.) Hall. f. ; Ipomoea tridentata Roth. ; FBI, 4 : 205. 

Perennial herb with stout rootstock, in rock crevices near dam. Flowers 
pale yellow. Capsule round. Scarce. Shivpuri : Pabra Dam. Fanigrahi 583b 
Flowers and fruits November. 

M. emargiisata (Burm. f.) Hall. f. ; Ipomoea rentformis Chois. ; FBI, 4 : 206. 

Creeper rooting at nodes, in alluvial soil. Flowers small, yellow with brown 
tinge. Capsule globose ; seeds brownish black, flattened. Abundant. Gwalior • 
Dabra. Fanigrahi 5749. Raison-Seoni, Fanigrahi 6252. Sidhi : Bastua, Paniorahi 
2307. Flowers and fruits November to December. ^ 

M. vitifolia (Burm. f.) Hall. ; Ipomoea vitifolia Bl. ; FBI, 4:213. 

Climber. ^ Flowers yellow orange in colour. Scarce, Jagdalpur : Gidara- 
JBastanar. Panighari and Arora 1 108. Flowers February. 

Convolvulus microphyllus Sieb ex Sprang^; C, pluricaiilis Choisy. ; FBI, IV : 218. 

Perennial herb with a woody rootstock, branches prostrate or ascending, upto 
60 cm. long ; in waste lands and rock crevices. Flowers light pink to white. 
Abundant. Rewa, Hj;?/ 1467. Shivpuri : Dabra. Fanigrahi 51 A5. Gwalior : Pabra 
dam site. Fanigrahi 5850. Morena : Konnoo river bank. Fanigrahi 5973. Flowers 
November to April. 

C. arveusis Linn. ; FBI, 4 : 289. 

Annual slender glabrous prostrate herb in wheat and barley fields on 
alluvial soil. Flowers pinkish-lilac-whiie. Abundant. Sidhi : Gerhwa. Fanigrahi 
2141. Raisen-Sconi. Fanigrahi 6250. Flowers December to January. 

Evolvulus alsiiioides Linn. ; FBI, 4: 220. 

Perennial licrl) with numerous prostrate to ascending branches in wastelands 
to dry deciduous and sal forests ; on alluvial plains and in rocl crevices ; young 
leaves and branches densely covered with white hairs. Flowers blue violet. 
Seeds brown. Alniudant. Katni. Parigrahi 5035. Sidhi : Gandhigram. Pani- 
grahi and Verma 5G44. Shivpuri. Panigrahi 6071. Lalpur. Fanigrahi 6224 
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Sidhi : Majhauh'Panig''Mt^i/'J. now v tv -)}l 10^,9 

VoLtti. > ‘“ " 

nummulQTius Linn. 


Evolmlus 

bnmchcs rootiiH? at nocks ; in 

Rootstock perennial, ^ son.etirar l«-av<vs --alao apn^cly 

alluvial and rocky j brown. Abundant. Raipur. Pam^t 5065 

hairy. Flowers whi e. jr j -• jjgg^ sklhi : Barfcalol. Paniiiraln tmd 

5090. Jagdalpur; Rutumsai. 

Porana rocky bed near nala and in clayey loam soil 

sweeVsmek^^^^ Gwalior: Taka 

Flowers white , . .,„ASi„sh2m. Flowers December 


SidhiTGlJhwL Panigrahi ■au! S ingh 2m. Flowers December to January. 

Gnscuta reflexa Roxb. ; FBI, 4 ; 225. , , , 

* 1 ofl«, vellow twinning parasite in thorn forests and other places. 
^ ^tfrvlindric creamy white. Capsule tough, fleshy. Abundant, (iwalior. 
Flowers sub-cy bad : Bhainsdehi. Panigrahi 4376. h'lowcr.s November. 


Summary . . , „ ■ , 

Thk the third part of a series of communications on the flowering plants 
r Mo,Uiva Pradesh presents .an enumeration of 74 species belonging to the 
EbeLceae to Gonvolvulaceae, following Benthani and Hooker’s (1883) 
Notes on habit, habitat, colour of flower and fruit, .abmulauce in the 
a exact localities of occurrence, -collectors’ name and field nos. and lastly, 
flowerin-^ and fruiting seasons, are appended to every species. 
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OF NITROGENOUS SALTS ON I’lfE FO 


OF CONIil'^NTRATlON 

OF NITROGENOUS SALTS ON I'lfE FORMATI()N OF 
HETEROGYSTS in the CYANOITIYFA 
By 

A. K. MITRA 

Botany Department, Allahabad University 
[Received on 9th January, 1965J 

“Heterocysts”, the specialized cells found in the Cyaaophyia or the blno- 
green algae are structures which are very characteristic. They are found only 
in this group of plants and form an important feature used in the ideiuilication 
of the filamentous members. The exact function of the heterocy.sts, however 
is not yet definitely known. Several theories have been advanceil hut all have 
proved inadequate to explain the phenomena connected with them. Frit.sch (1951 
p. 211) has labelled these structures ‘botanical enigma’ and Oeitirr (HlhO, \kT 3 ) 
has opined that the hypothetical functions assigned to heleroeysts have not been 
satisfactorily explained. This is due to a lack of ade{iualc experimeulal datii on 
their formation under controlled experimental conditions. 

Borzi (1878), Kirchner (1900), Kohl (1903) .•lud more teecuily Seriieuc 
(1948) are of the opinion that the heterocysts have some median ieal Immiinn with' 
relation to the filament. Flieronymous (1892), Ilcgler (1901) and Fritst It 
thought of the heterocysts as storehouses of food material while Cauiibaeu-i ( !9'^<) 
was of the opinion that they contain enzymes. Bnind (1901), Spr ut fFluV 
Geitler (1921) and Desikachary (1946) regard the heterocysiH as areh.tie’ reoru'due- 
tive bodies. In proposing bis latest theory that helerocysls libeiaic .some subs'- 
tance that promotes growth of other vegetative and reproductlvi- eelLs. hVitseh- 

remarks that “it may prove to be another of the divcise untenable 
hypotheses put forward in the past . nauit 

r„“s: r,;::';,,''"' “"7 

change but broadly stated in^Gic'^J^urse 'of itx matu' 1 % 'tl’rimln 
enlarges and acquires a thicker wall composed rnoulv ]' ri i '‘•'>'nally 

hyaliaeT p.k b!»..gro.„ at. “SS.pp™! I' 

IS Often accompanied by the appearance of vlcuoles. The la\ toc<< N ; 
ible and has been interpreted as heralding death or ihelt, t., ' ’ 

of salt accumulation. By this time one or two nol-.,- lu-comuig sc-ij-g 

heterocyst is terminal L intercalary ? as tl.e 

Other cells of the filament. Frequently’ the Lterorv.!i'-’ ^ attaciummt to the 
a homogeneous viscous substance. It^is incapable^ ^ appears empty or a.s having 
sheath and’ia many f„™, ««ireirdisc«„,,eS C, “CShUS'’"’ 

.a .h!f;^.;f 

in recent years tried to base their oninionl i ^ workers liave 

found that in presence of 0-2o/„ sodium ?hbr de InTErn'T' r (‘‘->29) 

.h. and ,iaa h«.cy,.. «!», 
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Fogg (1944, 1949) after extensive experimentation with Anabaerta cylindrica conc- 
luded that the frequency of heterocysts varied with the age of the alga and was 
inversely related to the concentration of combined nitrogen in the filament. 
Their numbers were decreased by ammonium salts. 

Mitra (1947) observed total absence of heterocysts in T olypothrix arenophila 
W. el, G. S. West {^Camptylonema lahorense Ghose) when grown in De’s (1939) 
medium and their places were often taken by biconcave separation discs. Pandey 
and Mitra (1959) found after extensive experimentation that depletion of nitrogen- 
concentration of the medium irrespective of the source being nitrate or ammom 
ium salts was responsible for production of the heterocyst. Pandey and Mitra 
(1962^) working with Anabaena naviculoideSj A. cycadeae, Anabaenopsis ambigua, 
Scytonema praegnans and Fischerella muscicola obtained the same results showing this 
effect to hold good for many heterocystous algae. 

]^aterial and Method 

Pure cultures prepared with the help of ultraviolet radiation coupled 
with growth on silica-gel plates of Scytonema hofmanni and unialgal cultures 
oi Piostoc spliaericum, Anabrena naviculoides, Calothrix membranacea, Tolypothrix areno- 
phila and Mastigocladus lamtnosus were used. Taking De’s medium as base, experi- 
mental substrata were prepared and the size of the inocula was kept as uniform 
as possible with the help of an ‘inoculum-cutter’. Cultures were made in triplicate 
in 150 ml. Erlenmeyer flasks and kept for 60 days at room temperature (25°GJ:: 
2 °G' near a battery of 40 watt electric bulbs yielding an intensity of light amount- 
ing to 400 lux. The amount of nitrogen supplied was kept higher than the critical 
concentration required for production of heterocyst for each alga. 

Results 

Effect of hydrogen-ion concentration, — Variation of pH of the following order 5*2, 
5 4, 6*0, 6*4, 7 * 0 , 7*6, 8*5, and 8*9 obtained with K 3 PO 4 . and KH^PO^j^ using a Beck- 
mann’s pti meter, did not influence heterocyst production. 

Effect of temperature, — Temperature variation of 15°, 20^^ and 35°C did not 
afl'ect production of heterocysts. 

Effect of light intensity. —Variations of light intensity oi 100, 200, 300 and 400 
lux did not influence production of heterocysts in any way. 

Effect of addition of trace elements and — Addition of Hut ner’s A-Z 

trace elements solution (1950) alone or with riboflavin in amounts varying from 
1 to 30 ppm., proved inefl'ective in influencing production of heterocysts in any 
manner. 

Effect of addition of calcium chloride and sodium chloride , — Calcium chloride in 
concentrations of 0*005, 0*01, 0*05, 0*1 and 0*3 gm/L and sodium chloride varying 
from 0-1, 0*5, 1*0 and 2*0 gm/L did not affect the formation of heterocysts. 

It thus appeared from the foregoing experiments that so long as the con- 
centration of nitrogen in the medium remained above the critical value for the 
different algae used there was no formation of heterocysts with the variations of 
growth conditions mentioned above. Heterocysts, however, were formed under 
the above conditions when the amount of nitrogen in the medium fell below the 
critical concentration after prolonged growth as was determined with the help 
qf micro- Kjeldahl apparatus using the filtrate aftet the appearance of heterocysts. 
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B,p=ri»»u »nd«.ed 

Sm have given the results tabulated in Table 1. 

TABLE 1 

^hnm;r,P the residual nitrogen in the medium at the appearance of heteroeyst and the 

^^7ntefoalin days elapsed after inoculation and the source and mount of nihogui 
interoaL in a y jf *hr» fnur n/mnA. orms 


Alga 

Salt 

Nitrogen in 
mgm/lOO ml. 

Days 

Residtial rutrogen 
in mgm/lUO mb 

— 

KNO3 

22-08 

21 

7-022 

j 6-916 

Mastigocladus laminosus 

NH4NO3 

56-00 

26 

6-81 



KNO3 

22-08 

22 

8-20 

1 

Calothrix membranacea 

NH.ilS!03 

56-00 

28 

8 04 

Scytonema hofmanni 

KNO3 

22-08 

19 

11-2 

1 H-04 

NH4NO3 

56-00 

28 

10-88 


Nosioc sphaericum 

KNO3 

22-08 

19 

10-7 

j 10-5 

NH^N03 

56-00 

25 

HfS 


It is seen from the above table that the residual uitrogcu in the ineduun JS 

nearly similar whether potassium nitrate or anunonium nitrate is used and tins 

amount may be taken as the critical concentration of tiu, nitrogen in the mechum 
necessary for the formation of heterocysts in these algae when the above ^ 

used. Working with inorganic sources of nitrogen bandey and Mitia (n)C)2^) 
obtained similar results and observed in the case of several other forms that the 
nitrogen content of the medium at the point of hctcroc>st-i)roductH)n was almost 
the same with nitrates, but this was usually slightly lower with ammonium salts, 
A perusal of figures in Table 1 shows that in the present experiment :dso the 
figures for residual nitrogen with ammonium nitrate are slightly lower. 


Effect of supplying organic sources of nitrogen. experiment was performed 
using different doses of urea and noting the period required for the upjicarance 
of heteroeyst in Tolypothrix arenophlla and Anabacna nmicidoides. 'bhe lesult is 
tabulated in Table 2. 


TABLE 2 

Showing the effect of different doses of urea on the appearance of heteroeysts in the algm 
mentioned. Appearance of heterocysts was on the days indicated. 

Duration of experiment was fifteen days 


Alga 

0*13 gm. urea 
equivalent to 
Nitrogen/L 

0*013 gm 
Nitrogen/L 

0;0027 gm 
Nitrog<,n/ \* 

0 Cbh gm 
Nitr<igen/L 

Anabaena naviculoides 
Tolypothrix arenophila 

14th day 

X 

7th day 

X . 

3rd day 

14th day 

3rd day 

7ih day 
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The results indicated a similar trend as was obtained with inorganic sources 
of nitrogen. T. arenophila showed heterocysts at a much lower concentration of 
nitrogen in the medium than A, naviculoides. 

An experiment was performed to see if forms like Oscillatoria or Lyngbya 
which do not form heterocysts could be induced to form these structures^ in very 
low concentrations of nitrogen. Oscillatoria formosa and Lyngbya hieronymusii were 
grown in media containing 0*01 to 0*1 gm KNO 3 /L. None of these lormed hetero- 
cyst even after a month and by that time many of cultures died for want of 
sufficient nitrogen supply. 

Discussion 

The work done so far points to the existence of a critical concentration of 
nitrogen in the medium, above which heterocysts are not produced. This con* 
centration varies with different algae. Wide variations of other factors did not 
influence their appearance. Ganabaeus (1929) found halides to increase the 
frequency of heterocysts in Anabaena variabilis. In the present work, however, 
variations of NaCl and GaCl^j did not affect heterocyst production, Fogg’s (1949) 
generalisations are broadly applicable to these experiments but with the forms 
employed here many are the differences observed as there was no production of 
heterocysts under low light-intensity and other factors so long as the concentration 
of nitrogen in the medium remained above the critical level. 

The presence or absence of heterocysts is very important from the point of 
view of taxonomy and several similar genera like Scytonema and PUctonema or Calo- 
thrix and Homoeolhrix and also a few others are distinguished on this basis. It is 
yet to be seen if all the heterocystous Myxophyceae respond in a similar manner 
to the nitrogen status of the medium and if this proves to be the case the emphasis 
so far placed on these structures has to be re-examined in relation to the nitrogen 
supply in the environment. 

Summary 

Heterocysts in some heterocystous filamentous forms of the Cyanophyta 
belonging to the Nostocaceae, Rivulariaceae, and Mastigocladaceae were prevented 
from being formed by keeping the level of nitrogen in the medium above the 
critical concentration. This critical concentration has been determined for the 
forms experimented with. 
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observations on the fish and fisheries of TM 

VEMBANAD BACKWATERS, KERALA 
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Central Inland Fisheries Research Institute, Barrackpore 
[Received on 22nd March, 1965] 

Introduction 

Bordering the coastline of Kerala there are a large number of backwaters, 
which are connected with the sea by some permanent and some periodical open- 
ings and which in association with the adjoining low-lying lands, paddy fields and 
the network of canals form an extensive source of year-round fish supplies. They 
are also believed to be the nursery grounds of several species of prawns and fishes 
of commercial importance and hence afford a rich source of prawn and fish seed. 
But the recent development of reclamation projects in these areas pose a problem, 
in that^ they are likely to have adverse effects on these resources. Further, 
according to Panikkar (1952) there has been a most marked ‘depletion’ of the fisher- 
ies in the backwaters, canals and lowdying areas in Travancore, owing probably 
to the intensive fishing that has been going on without replenishment having taken 
place. Earlier, John (1936) had referred to the indiscriminate fishing methods 
and lack of Government control, which tend to lead to decline in fish populations 
by destroying breeders and fry. 

But, as yet there is no scientific information on the status of the fisheries in 
these waters, except for some fragmentary accounts regarding the bionomics of 
some fish (Bhaskaran, J 946), or the species available (Day, 1 8 )5 ; Pillay, 1929 ; 
John, 1936 ; Silas, 1949, etc,). Only the prawn fisheries have been fairly extensive- 
ly studied by a number of workers, notably Menon (1951, 1954, 1955, 1957 and 
1958), Menon and Raman (1961), Panikkar and Menon (1955), Gopinath (1953), 
Panikkar (1937), and Chopra (1943j, while accounts of several fishing gear used in 
these waters have been given by Hornell (1937 and 1950), Gopinath (1953) and in 
a Government of India publication (1951). 

Therefore, a preliminary survey of the largest piece ol Kerala backwaters, 
the Vembanad backwaters, was undertaken during March 1959, in order to obtain 
a general idea of its fisheries and to identify the problems requiring investigation. 

Hydrographical Features 

The Vembanad backwaters extend from Cranganore in the north to 
Alleppey in the south, a distance of about 96*5 km [see map). The total area oi this 
water mass, as shown in the Survey of India map, is rouijhly 300 sq km. But an 
area of about 44 sq km at its south-eastesn corner near Alleppey was found to 
have already been reclaimed at the time of survey, thereby reducing the total 
area to about 256 sq km. The northern portion of the backwaters above Aroor 
is situated in the erstwhile Cochin State and is generally referred to as the Cochin 
backwaters, while the southern portion, termed normally as the Vembanad lake, 
lies in the erstwhile Travancore State. In veiw of the continuity of this water 
mass right upto Cranganore, the entire stretch is referred here as the Vembanad 
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backwaters The southern portion of the Vembanad I)iickwaters Is much broad 
er while the northern portion is narrower and smuous. 1 lu; lake iii ms parallel 
tn’the Arabian Sea to which it is connected in the main al two places, at (archm 
■In^Azhikode both in the northern half. Branching off from the man. str.-tca of 
backwaters are a number of subsidiary water masses and ea, rials. 

Except at Cochin, where dredging is carried out to facilitate the movennmtof 
shins these backwaters are essentially shallow, with the depth in the hshmg 


grounds varying from one metre to 7v5 metres, 

® 1 nr - I + eiz-vn ir\ 


with u uiciui (lepili of about 3*5 

metres 'Eelow°Munro Island at its southern part, the lake is quite shallow, the 
depth on an average being just two metres only. It is a little deeper between 
Tbannirraukham and Vaikom (about 5 metres) and for some dnstance north of 
Cochin. The nature of the bottom is mostly muddy, with an admixture of fine 
sand granules in some places. Oil Kumaragam the bottom comsists of mud with 
a thick deposit of sub-fossil lamellibranch shells, while off Aroor, Manapilli and 
Azhikode it is sandy. 


Since both connections to the sea arc situated in the northern half of the 
backwaters, that section is much more saline than the southern half. At tlie time 
of survey, the water above Chcrnbu-Panavalli area up to Azhikode showed :i 
salinity range varying from 23'31%o to 33T)5%o, with tlie maxiuuun al Cochin, 
while the waters below Vaikom showed a gradual decline southwards froiu 1 
at Vaikom down to 10-49%o at the southernmost end of the lake olf Alleppy. 
Panikkar (1937) has stated that these waters become almost fresh and are in a 
flooded condition from June to September during the south-west uionsoun and 
that the water level falls considerably after the north-east moii.soon during 
November, and by December the water is cli.stinctly brackish. I le further states 
that optimum conditions for the life of brackishwatcr animals are obtained in 
these waters from January to March. Local cntjuirics reve.ded that the w.tiers 
south of Thannirmukham remain quite fresh during tlu^ period of .stiul h-west 
monsoon. 


The depth and salinity of the water and the nature of the luntom in different 
parts of the backwaters, at the lime of survey, are shown on the map. 

The discharge of effluents from the F. A. C. T. factory in Alwaye i.s believ- 
ed to contaminate these backwaters, although the extent of iliis jiollui’ion doe.s not 
seem to have been determined so far. A second likely source of pollution i.'i the 
coconut husk retting, which is done on a large scale at certain place.s like Palan- 
gad, where the water appears darkish, with apparently high turbidity. .At the 
southern end of the lake off Alleppy, immense quantities of filamentous algae 
{Oedogommi sp. ?) were noticed and these were found to hamper the opeiation of 
big nets like Peru aa/a by clogging the rneshes and making the hauling i)roccs.s 
very difficult. 


Commercially Important Fishes and Prawns 

A classified list of all the fishes, prawns and crabs collected dtii itig the 
survey is given io the Appendix, Among those of major commercial iinportaucc 
contributing to rich fisheries may be mentioned three species of prawns {Metaps- 
naeus dobsoni, M. monoceros and Tenaeus indicus) and five specitas of mullets {Mfugil 
cephalus, M. cunnesius, M. parsk, M. troscheli and Af. wnigimix\ in the upper half of 
the backwaters above Arukutty, and Gock-up (/:«/«,} eo/cari/rr), .Vfilk lisli (f-Vtauw 
chaws) and Pearlspot (Etroplus suretensis) in lhe lower half. In addition to the 3 (i, 
the sciaenid Sciaena colter ^ the perch Lulianus atiiefilitnacuhiiu'! aiui tlie cutlislies 
Tachysurus spp. are found in good numbers all along the backwaters. Among those 


[ 116 ] 



of lesser commercial importance may be mentioned Caranx sansun^ Tylomus 
strongylurus^ Hemiramphus canton, Etroplus maculalus and Scaiophagus argus in the 
lower stretches and T hns socles spp., Anchoviella spp. and Eleuiheronema tetradactylum 
in the upper stretches. The occasional occurrence of Hilsa [Hilsa ilisha) in 
shoals in these waters has already been reported by Pillay (1960). 

Of the above, the Pearlspot is reported to be available * in its maximum 
numbers during the rainy season, while maximum catches of the Gock-up are 
obtained from January to April. The catfish Tachysunis arius is reported to be 
fished from December to March, with the maximum catches obtained during 
February and March. The fishery for Beloniform fishes extends mainly from 
December to March, while the Milk fish is reported to be available in good 
numbers from JNovember to June. The major prawns, being marine species, 
enter the backwaters as young ones along with tides in search of food, grow there 
and return to the sea for spawning. They are caught in their maximum 
numbers during the mouths September to February. The rare occurrence of 
Hilsa reportedly coincides with the high salinity period during March and April. 

Fisheries and Fishing Operations 

The commercially important fishes and prawns are fished in a variety of gear. 
An account is given below of the various fishing operations, with the emphasis 
laid more on the magnitude and composition of the catches and the distribution 
of the gear, rather than on the description of the gear or on their mode of 
operation. 

(a) Dip net and Stake net fisheries 

The most striking feature of these backwaters is the extensive dip net and 
stake net fishing found all along the stretch above Thannirmukham. These nets 
are essentially operated for prawns and mullets, which contribute to the most 
important commercial fisheries in the northern half of the backwaters. They are 
absent below Thannirmukham, because of the lack in that region of strong tidal 
currents, which are necessary for the successful operation of these nets. 

{%) Dip net fishery 

The net employed is generally known as the Chinese dip net or Ckeena vala 
or Kamba vala. It is a stationary balanced lever dip net, located singly or in groups 
both along the shore and near the shore in shallow waters. The structure and, 
mode of operation of this net have been adequately described by Hornell (1937)^ 
Panikkar (1937) and others. It is operated at nights mainly for prawns and during 
the day mainly for mullets. During the night operations, a petromax is tied jus^ 
above the net to attract the prawns. The time of operation is usually at the turn 
of the tide from low to high, when the current is best felt. The greatest concentra- 
tions of this net are at and adjacent to the two openings of the lake into the sea at 
Ernakulam and Azhikode. At Azhikode, these n ets extend even into the sea for 
some distance (about a furlong) along the shore, south of the Periyar river mouth. 
Rows of them can also be seen on either side of a narrow stretch of backwaters 
(about six miles long), west of the main backwater mass, running southwards from 
the Periyar river mouth. 

The night catches consist essentially of large and medium sized prawns, 
(mainly Meiapenaeus dobsoni, M. monoceros and Penaeus indicus), with a sprinkling of 
several species of fish and at times even crabs and cuttle-fish. Among these may 
be mentioned the Sciaenids {Pama parna, Sciaena spp.), catfishes (Tachysunis spp., 
Mystus spp., etc.), clupeoids (Thrissocles spp., Anchoviella spp.. Megalops cyprinoides), 
Ambassis spp., Leiognathus spp., Eleuiheronema tetradactylum, Neptunus pelagtcus and 
Scylla serraia, 
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The day time catches consist mainly of mullets {Mugil parsia, M. waigiensis, 
M. troscheli, M. cunnesus and M. cephalus), the others present in lesser numbers 
being Eleutheronexna tetradact}lum, Scatophagus argus, Thrissodes spp., Anchovtella spp., 
Megalops cyprinoides, sciaenids and catfishes. The mullets dominate the catches 
specially in the Cochin part of the backwaters. It is gathered that the night 
prawn catches by this net are at their maximum from November to February and 
that the daily catch may go up to as much as 100 lbs. per net. 

(n) Stake net fishery 

The stake net is a type of fixed conical bag net with a tapered cod-end, 
resembling the Been-jal of Bengal, about 20-25 ft. in length. It is locally known 
as the Kutti vala or Valu vala. A full description of its structure has already been 
given by Hornell (1937). Usually a series of these nets are tied up to stakes 
planted across the backwaters, with one net between every two stakes. 

This net is permitted to be operated only during the ebb tide, in order to 
prevent the destruction of young ones of prawns entering the backwaters. It is 
usually operated at a depth of about 3-5 metres and fishing goes on practically 
throughout the year. It is, however, mentioned by Menon (1955) that stake net 
fishino- remains suspended when there are high floods during the monsoon months 
Tune-August, because of the likelihood of swift currents and floating debris 
damaging the nets. The daily catch varies from a few pounds to about 50-60 lbs. 
in favotuable seasons. The prawns form the bulk of the catches and it is 
gathered that they are obtained in their maximum quantities during September 
and October. The main species of prawns fished by this net are Metapenaeus 
dobsonii Benaeus indicus and Adetapeiiaeus rnonoceros , The fish caught in tills net 
consist mainly of clupeoids {Anchoviella spp. Thrissodes spp., Anodontostoma chacunda, 
etc.) and gobeids. Occasionally eels, Squilla, Sepia and Octopus are also found 
in the catches. 

(6) Other fisheries 

Besides the above two principal fishing gear, which belong to the “fixed 
engine” category, several otheis falling under the “free engine” category are 
operated for different fishes and prawns. In addition to these, several people are 
engaged in extensive clam and shell fisheries and paddy field prawn fishery. 

(x) Cast net fishing 

Fishing with cast nets {‘Vecchu vala’) goes on throughout these backwaters, but 
is specially concentrated in the upper stretches. All along from Narakkal to 
Edavanakkad, the stringed variety of cast nets was seen being operated in large 
numbers in shallow areas, which are reported to have flat bottom and hence more 
suitable for operation of small cast nets. Concentrations of this net were also 
observed from Manapilli to Cherai and at Parur, Pallipuram and Azhikode in the 
upper stretches and in the lower stretches at Arukutti, Kumaragam and Alleppey. 

The catches in the upper stretches consist mainly of metapenaeid prawns, 
with also a few mullets, engraulids and sciaenids. In the lower stretches, where 
generally bigger-meshed cast nets are employed, Pearlspots constitute the bulk of 
the catches, the others being half-beaks, gobeids, etc. The daily catch is said to 
vary from 10-80 lbs. and occasionally even upto two rnaunds, the average daily 
catch being about 15 lbs. It is gathered that the catches are the heaviest during 
the spring tides. 

(ix) Canoe- trap fishing 

A kind of canoe-trap, termed locally as the Changalapayikkal or Changadam is 
in use in the middle and upper stretches of the Vembanad backwaters, operating 
in shallow regions during calm periods, for catching prawns and grey mullets^ 
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This method of fishing is based on a knowledge of the habits of some prawns and 
mullets, which when frightened leap wildly out of the water. 

Several workers like Hornell (19.^7 and 1950), Ptmikicar (1957) and (Jopinatli 
11953) have given full descriptions of Changadam and its mode of operation. How- 
ever there are differences in these accounts regarding tlie dragging d(wic(^, which, 
as per the author’s observations, consists of a clitiin attached to the bow of each 
boat with the two chains joined together po.steriorly. But according to (iopinath 
Hoc ’cit.], it consists of a single long chain, with its two ends Jitlaehed to the two 
boats, while Hornell (1937 and 1950) and job and I’anlnln (1955) have deseril)cd 
it as consisting of short pieces of chains, connected hy bmgihs of rope, further, 
according to Panikkar (1937) and Chopra (o/i. r/'t.), i’l is a net that is tied across 
between the two canoes and not any chain, and the prawns trying to swim through 
are trapped in this net. This may probably be a local variation at tlie place and 
time of observation. Again, it is stated by Panikkar (1937), Gopinath ( 1955) and 
Menon (1955) that only prawns and shrimps are caught by this method. But 
as per information gathered during the present survey, even though prawns 
constitute the main catch, mullets are also obtained occasionally, llornell’.s (1937 
and 1950) accounts confirm this observation. 

(iii) Drag net fishing 

Drag vet fishing is again resorted lo mainly for catching prawms, along with 
which a lew miscellaneous fish like Ancfwvulla spp., Amhassis Eiro/ilus .spp,, gob- 
eids, half-beaks, etc. are also caught. Iho drag net eomnioidy .seen in the.se waters 
is known as the Vadi vala. It is a trough-shaped drag net, resemhling the Khadijd 
of Orissa. It is generally seen in the middle and lower stretches from Anikutli 
down to Thannirmukham in the main backwaters, as well as in the eonnccted 
canals. The details of its structure have already been described by Hornell (1957). 
It is operated either singly or in groups of two llir()U|>,iu)iU. tlur year during lioih 
night and day at the time of low tide. Tin; eatcli is mostly dried ami sohl 
later on. 


(is) Bag net fishing 

A kind of bag net called the karimeeii vala is seen in the lower stretches 
operating for about six months in a year from January to June eatebing Pe.irlsimts. 
Mullets and prawns are also caught in lesser mimlyers. ‘ It is a eonieal h.ifr mg ' 
18 ft. long and 24 ft. across its mouth. It is made of cotton yarn, with the ’meslt 
size varying from li" near the mouth to i" at tlu; cod <md. I'isldog is done 
during both the tides. The net is li.xed to the bottom l>y two stakes and i.s luiuled 
up after about 30-45 minutes. There are floats on the iiiyper half of liic mouth 
and sinkers on the lower half. There is no opening at tiny cod end ol the net. 

(o) Trawl net fishing 


trawl net called Konchi vala operates in the middle stretches near 
Arukutti for cathing big prawns and fish. It consists of a rectangular bag '^5 ft 

size’ varying "from 

H -2 . During operation this bag is dragged along by two boats, the moutl. beiinr 
kept distended by floats on the upper half and sinkers on the lower, ’ 

(oi) Seine, net fishing 


Several kinds of boat seines are operating all over these backwaters for 
catching a variety of fishes. 4mong these the Tdikami vala and Pallikanni vala 
the most common. Both are provided witli long scare lines of tender coconut 
leaves and are of similar structure, with only the mesh size of the latttu' Sg 
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smaller. The catch consists of a number of fishes, among which may he men- 
tioned Caram sansun, Therapon puta^ Etroplus spp., mullets, clupeoids, sciaenids and 
prawns. The smallest meshed (4^') Patiikanni vala is without the scare lines and is 
used for catching prawns and hence termed chainmeen vala. Part of the operation 
of this net consists of dragging it with two poles and this probably accounts for 
Hornell’s (1937) inclusion of T elikanni vala Pattikanni yala under drag nets. 

[Maximum catches by Tslikanni vala are reportedly obtained during the rainy 
season. 

In the middle and lower stretches can be seen an interesting method of 
fishing by Koori vala, wherein the sounds produced by moving shoals of fishes are 
made use of for locating their whereabouts and extent. This type of fishining has 
been fully described recently by Gopinath (1953), who terms it “fishing by listen- 
ing in”. According to him, one of the two fishermen gets into the water and 
immerses his head in the v/ater, while according to the auhtor's observations the 
fisherman sits inside the boat and by bending over immerses his head in the 
water. The net is generally used as a seine, but at times also as a gill net set 
across the path of shoals The catch consists essentially of Tachjsurus spp. and 
occasionally some sciaenids. Surprisingly, Gopinath {loc, cit) has not mentioned 
catfishes among the catch of this net. Heavy catches are reportedly obtained 
during February— March and the rainy season. 

A big 1^' meshed boat seine called Peiu vala is operated in the lower 
stretches throughout the yeai. The catch is miscellaneous, consisting of a 
number of fishes and a few pi awns. Phis net is payed out in concentric circles 
and is hauled up in such a way that those of the fishes which are not gilled are 
encircled and brought up. 

{vii) Gill net fishing 

A large number of gill nets are operated throughout the year, mostly in the 
lower stretches. Among them may be mentioned the J^arimeen vala, Odu vala or 
Pootneen vala^ Thitudd vala, Morashu vala and Chavala vala, The JSlarimeen vala lor 
catching Lates calearifer is a big net of 6^ mesh size, operated generally during the 
months February to April at nights. The same net is used in the rainy season 
for catching skates and rays, by altering the mesh size to 12 . Ihe Odu vala is a 
similar net, but with smaller mesh (3'"} and is operated throughout the year. 
The catches consist essentially of Ghanos chanos and Lates caicarijer, with also a 
good number of Mugil cephaliis, Scatophagus argus, Lutianus argentimaculatus and 
Sciaena coiter. The Thiruda vala or Paithu vala is a stationary gill-net for catching 
Mugil cephalus, Morashu vala is another kind of stationary surface gill net in the 
lower stretches for catching Hetniramphus and Tylosurus, It is mainly operated 
during the months January to March, when these fishes are reported to be avail- 
able in their maximum numbers. Chavala vala is a drifting gill net operated at 
nights during the rainy season and the catch is similar to that of Odu vala, 

{piii) Clam fishery 

Large numbers of live clams are available in these backwaters from a little 
to the south of Munro Island down to Abeppey and these are fished by a good 
number of lower stretch fishermen. The catch is generally taken to their respec- 
tive villages, where the clams are boiled, the flesh taken out and sold to 
consumers, and the empty shells sold mainly to people preparing lime and to the 
Travancore Cement Factory. The shells are also reported to be used in house 
construction and maintenance works, while half-burnt shells and lime are exten- 
sively used to counteract acidity in paddy fields and lands. 
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(t*) Shell fisher^ 

In addition to clam fishery, a largo number of ixmplo aio (mgagcul in collect- 
ing the sub-fossil deposits of lamellibrancli shells, found in llie baekwaaers from 
Thannirmukham down Alleppey. The shells, ludonging mainly lo (he gtniera 
Meretrix and Vellorita, arc given to the cooperative societitis al Kuni.iragant, Moha- 
mma, Vechchur, Kuttamangalam, etc., which s<;ll ihem to peoiile preparing lime or 
to the cement factory. These shells are utilised in housi' e.onstruc.lion works and 
for counteracting acidity in paddy fields. In addition (o tlni aliovf i»eople, the 
public sector cement factory at Kottayarn is also collecting the .shells Cor the 
manufacture of cement. It is reported that annually about 50 lakhs tuns of shells 
are collected from the Kerala backwaters, with the season lasting from August 
to May, the peak period being January to March (Director of Ibslicrics, K<;rala, 
1961), 

{x) Paddy field prawn fishery 


In addition to the rich backwater fisheries for liicm, the. [irawns arc ahso 
cultured extensively in about 8,000-1(1,000 acres of paddy fields Imrdering the, 
Vembanad backwaters (Gopinaih, 1!)55). 'J'he annual produetion from thesi; liclds 
has been estimated as ranging from 3,100-5,400 tons, of winch ptawns lotm almut 
80%, with an average yield of 3ti0-GH() kg per acre, (Director nt l''ishei ic :, Ker.ila, 
op.cil.) The highest yield is reportedly obtained in the I’aiitr amt (luclun-Kana- 
yannur taluks in the northern sector. Furtluir del.dls hcctime snp( i l!mius in vi<;w 
of the detailed accounts already given by Mcnon (lOfjd'j and (h pimiih (1 Ikp. 

Disposal of catches and Administration of lisheries 

Except at Cochin Port area, where it is prohibitcul, fishine, iti done pr.u.tictdly 
all over the backwaters. There arc hardly any regrdar hmtling places, (he catchc.s 
being mostly disposed offanywliorc nc.tr the fishing grounds, jiiotaly m fiesli condi- 
tion, to individual consumers. Only when the catch consists of very , small prawns, 
it may be sun-dried and sold later on. However, in some plain's like Cochin’ 
Vaikom, Kumaragam and Alleppey the catches arc mostly sold to merchants’ 
At Cochin, big and medium sized prawns arc pnre.inised hv the Freezing and 
Canning Companies for exporting them to foreign counuies. 


Day in his “Fishes of Malabar” (HKD) has observed th. it at that time tliere 
was no tax upon fishermen or on their implements of trade either in liie “iJritish 
territory or in native State of Gccliii.”, while previously (|,c lisheimen had to 
pay for their fishing rights either in kind or by way of taxes or both. At present 
the fishin^g rights in tbi Vembanad fitickwatcrs tire controlled jjy a system of leas- 
ing and licensing. The main stretch of the Imckwalcr.s, us also the ma jor sui sidi- 
ary masses are not leased out, but the fishing gear oiicr.umg in them arc licensed. 
The only type of, rather mdircct. leasing in these waters is in cunacctiun with the 
fixed engines, wheiem the places allotted for their opetatiou arc fixed and cannot 
be changed. But here also a certain licence fee is charged for each operating net. 
It IS gathered that even if the Government wants to take over such location.s, due 

compensation will have to be paid to the licensee and that tiic riidit ofcrectini'' 
stake nets in any particular area is hereditary. ^ 

Th. Kwr and the area ul us opcnition. 

The licence fee for stake and dip nets is higher in arca.s where i liert: i.s gtcaier tidal 

au Tu ’Db'nl to the prawm-cul tir i - 

magnitude ol the licence fee depends on the nature of 
the e and the tidal conditions in the adjoining backwaters. Copinath ( 1955 ) 
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has given a detailed account of the classification of these fields and the licence fee 
levied by the Government. 

Certain canals and minor subsidiary backwater masses are annually leased out 
by public auction. The lessees might themselves fish in these waters, in which case 
no separate licence fee is payable to the Government for the gear operated. At 
times, the lessees sublease these waters to others, from whom some fee is obtained 
for the gear operated. 

Major Investigational problems 

For a proper utilisation of these important backwaters with regard to the 
management and conservation of their fisheries, it is necessary to undertake some 
major investigations on a systematic basis. 

(1) In the first place, there must be a suitable machinery for the collection 
of fishery statistics, for estimating total production, catch-per-unit of effort etc. 
data on which will be necessary before formulating any development measures. 

(2) The suspected depletion of the fisheries of these backwaters requires 
immediate detailed investigation. Panikkar (1952) had reported that many areas 
which previously used to yield appreciable numbers oiEtroplus had ceased to be so. 
Enquiries made during the survey revealed that there has been a progressive 
reduction in the maximum size of Etroplus in the lake, which is almost a sure sign 
of depletion. Further to taking suitable measures to improve the Etroplus fishery, 
it may be worthwhile considering implementation of Panikkar’s {loc. cit,) sugges* 
tion of introducing omnivorous feeders, which can tolerate wide variations in 
salinity and can reproduce more rapidly than Etroplus. 

(3) The probable effects of_ reclamation projects on the fisheries should be 
ascertained. There are possibilities of the breeding, nursery and feeding grounds 
ot some comrneicially important species of fishes and prawns getting destroyed by 
extensive reclamation. This will directly affect the prawns and fish seed source, as 
well as the paddy field prawn culture, in addition to reducing the production 
potential of the lake itself. 

(4) It is imperative to investigate the extent of pollution of these back- 
waters, resulting from the discharge of effluents from the F. A, G. T. factory, 
Alwaye and from coconut husk retting in different areas and their efi'ect on fish 
populations. 

(5) It would be interesting to study the effects of stake net fishing on the 
commercial fisheries of the lake, as well as of the sea. The net being small-meshed 
appreciable quantities of commercially unimportant smallar size groups are 
caught and this may adversely affect some of the commercial fisheries. 

(6) Suitable means must be worked out either to discourage the growth 

or for the removal of the huge quantities of filamentous algae spp. ?) 

found near Alleppey, to facilitate easy operation of certain big nets like Peru vala, 
unless these algae form the food of any commercially important fishes. In addition 
to physically hampering the operation of Peru vala^ these algae, by clogging the 
meshes of the nets, bring about the destruction of considerable numbers of fry 
which are unable to escape. In this connection, it may be mentioned that Gerven- 
ka et al, (1959) had tried compounds of copper, silver and sodium pentachloro* 
phenolate to prevent excessive increase of phytoplankton in Sedlice reservoir. 

(7) Finally, the study of population dynamics and biology of the commer- 
cially important species of prawns and fishes would be of immense help in the 
management of the backwater fisheries. 
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Summary 

A rapid survey of the Vembanad backwaters in Kcrak was caiticd ou 
March 1959, in order to obtain a general idea of its tisherics resources aiul to 
identify the problems requiring investigation. 

These backwaters are connected to the sea in two places, both in the north- 
ern half, which therefore shows more pronounced salinity and tidal conditions" 
The mean depth is about 3-5 metres and the bottom is mostly muddy. There h 
apparently some pollution of waters by the effluents of tlic F. A. (X 'T. Factory 
Alwaye and by the coconut husk retting in the some places. 

Prawns and mullets dominate the northern half of the backwaters, while the 
Cock-up, Milk fish and Pearlspot predominate in the southern half. Fishing 
is done practically all over the backwaters throughout the year. There ace 
no regular landing places and the catches are mostly disposed off in fresh 
condition. Big-sized prawns are exported to foreign countries by the freezing and 
canning companies. 

Dip nets and stake nets arc extensively operated mainly for prawns and the 
former for mullets also, while a variety of other nets arc used for catcdiing these 
and other fishes. Live clams and sub-fossil lamellibranch shells are fished exten- 
sively in the southern half. Prawns are cultured on a large scale in then uUi'] 
fields adjoining these backwaters, i * y 

The fishing rights arc controlled by a system of leasing and licensini- Fo- „ 

proper management of the fisheries resources, it is necessary to undrrtT B/,m! 
detaded investigations like the collection of catch statistics, ponnlation dvu-itiZo 
and biology of commercially important siiecics and the probable cfleetr,? 

reclamation projects and water pollution on the fisheries. ” ° 
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APPENDIX 

Classified list of fishet, prawns and crabs of the Vembanad liackwaters, recorded 

during the survey 

(Malayalam names, wherever known, are indicated within inverted commas) 

FISHES* 

Class ELASMOBRANGHI. Subclass SELAGHH 

Order LAMNIFORMES Suborder SCYLIORlilNOIDEl 

Family SGYLIORHINlDAE 

1. Chiloscyllium indir urn (Gunther) 

Class TELEOSTOMI. Subclass ACTUSOPl’ERYGll 

Order GLUPEIFORMES 
Suborder GLUPEOIDEI 
Family MEGALOPIDAE 

2. Megalops cyprinoides (Broussonet) 


Family GLUPEIDAE 

3. Kowala eoval (Gmiex) 

4. Hilsa Uisfia (Hamilton) 

5. Anodontostoma chaeunda (Hamilton) 

6. h'ematalosa nasus (Bloch) 

7- Dussumieria hasselti Bleekcr 

Family ENGRAULIDAE 

8. Thrissocles purava (Hamilton) 

9. Thrissocles malabaticus (Bloch) 

10. Thrissocles rnystax (Schneider) 

11. Anehooiella indica (van Hasselt) 

Suborder CHIROGENTROIDEI 
Family GHIROGENTRIDAE 

12. Chirocenttus dorab (Forskal) 


“Vrdava" 

“Thodi” 

“KokolichiHa” 

'‘Ghalla*’ 

tlo 

do 

“Ivoliiva" 


Suborder CHANOIDEI 
Family GHANIDAE 

13. r/iuwr ((Forskal) _ “Poomecn” 


Order GYPRINIFORMES 
Suborder CYPRINOIDEI 
Family CYPRINIDAE 
14. Barbus ticto (Hamilton) 


> *The classification followed upto the families iq tliat /,f r c r» 
both recent and fossil” Trav. Inst. Zool. Acad. Sci, VRSS, 5 (2A tdassilication of fisliec, 
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Suborder SILUROIDEI 
Family ARIIDAE (Tachysuridae) 

15. Tachysums macronotacanthus (Bleeker) 

16. Tachysums falcarius (Richardson) 

17. Tachysums subrostratus (Guv. & Val.) 

18. Tachysums arius (Hamilton) 

19. Tachysums coelatus (Guv. Sc Val.) 

Family BAGRIDAE 

20. Mystus {Mystus) gulio (Hamilton) 

21. Mystus (Mystus) armatus (Day) 

Order ANGUILLIFORMES 
Suborder ANGUILLOIDEI 
Family MURAENESOGIDAE 

22. Muraenesox cinereus (Forskal) 

Family OPHIGHTHYIDAE 

23. Ophichthys microcephalus (Day) 

Order BELONI FORMES 
Suborder SGOMBEROSOGODEl 
Family BELONIDAE 

24. Tylosurus strongylurus (van Hasselt) 

Suborder EXOGOETOIDEI 
Family HEMIRAMPHIDAE 

25. Hemiramphus limbatus (Guv. & Val.) 

26. Hemiramphus cantori Bleeker 

Order GYPRINODONTIFORMES 
Suborder GYPRINODONTOIDEI 
Family CYPRINODONTIDAE 

27. Haplochilus lineatus (Guv. & Val.) 

Order MUGILIFORMES 
Suborder MUGILOIDEI 
Family MUGILIDAE 

28. Mugil cephalus Linnaeus 

29. Mugil cunnesius Guv. & Val. 

30. Mugil troscheli Bjeeker 

31. Mugil parsia Ham. Buch. 

32. Mugil waigiensis Q,uoy & Gaimard 

33. Mugil poicilus Day 

34. Mugil belanak Bleeker 


‘‘Kola’’ 


“Morashu’’ 

“Morashu” 


“Thirutha” 

“Kanambadu” 
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35. Mugil amarulus Cuv. Sc Val. (?) 

36. Mugil seheli (Forskal) 

Order POLYNEMIFORMES 
Family POLYNEMIDAE 

37. Elmtheronem tetradactylum (Shaw) 

38. Polynemus paradiseus Linnaeus 

Order PERGIFORMES 
Suborder PERGOIDEI 
Family GENTROPOMIDAE 

39. Ambasais gymnocephalus (Lacepede) 

40. Ambassis urotaenia Bleeker 

41. Lates calcar ifer (Bloch) 

Family SERRANIDAE 

42. Ssrranus waandersi (Day) 

43. Serranus diacanthus Guv. & Val. 

44. Serranus salmoides (Lacepede) 

Family THERAPONIDAE 

45. Therapon puta Guv. & Val. 

Family SILLAGINIDAE 

46. Sillago sihama (Forskal) 

Family GARANGIDAE 

47. Caranx sansun (Forskal) 

48. Chorinemus toloo Cuv. & Val. 

49. Chorinemus moadetta Guv. & Val. 

50. Trachynotus ovatus (Linnaeus) OR 
T rachinotus blochii (Lacepede) 

Family LUTIANIDAE 

51. Lutianus argentimaculatus (Forskal) 

52. Lutianus joknii (Bloch) 

Family LOBOTIDAE 

53. Lobotes surinamensis (Bloch) 

Family LEIOGNATHIDAE 

54. Leiognathus eguulus (Forskal) 

55. Leiognathus brevirostris (Val.) 

56. Leiognathus lineal atus (Val.) 

57. Leiognathus fasciatus (Lacepede) 

58. Secutor ruconius (Hamilton) OR 
, Eguula ruconius (Hamilton) 

t '28 J 


“Vaazhrnccn” 


"Nandan’' 

“Nariinccn” 


“Vatu" 

“Paimachi” 


“Clicmbtilli" 


“Kavari" 



59. Secutor insidiator (Bloch) OR 
Equula insidiatnx Bloch 

60. Getres Jilameniosus Guv. & Val, 

61. Genes lucidus Guv. & Val. 

62. Genes oblongus Guv. & Val. 

Family POMADASYIDAE 

63. Pristipoma hasta (Bloch) 

64. Pristipoma operculare Playfair 

65. Pfitipoma guoraka (Russell) 

Family SCIAENIDAE 

66. Sciaena albida (Day) 

67. Sciaena glaucus Day 

68. Sciaena axillaris (Guv. & Val.) 

69. Sciaena coiter (Hamilton) 

70. Sciaena carutta (Bloch) (?) 

71. Parna pama (Hamilton) 

72. Sciaenoides biauritas (Cantor) 

Family LETHRINIDAE 

73. Lefhrinns reticulatus Guv. & Val. 

Family SPARIDAE 

74. Chrysophrys berda (Forskal) 

Family DREPANIDAE 

75. Drepane punctata (Linnaeus) 

Family SCATOPHAGIDAE 

76. Scatophagus argus (Bloch) 

Family CICHLIDAE 

77. Etroplus suratensis (Bloch) 

78. Etroplus maculatus (Bloch) 

Suborder SIGANOIDEI 
Family SIGANIDAE (TEUTHIDAE) 

79. Teuthis margaritifera Gunther 

80. Teuthis sutor Gunther 

Suborder GOBIOIDEI 
Family GOBIIDAE 

81. Trypauchen vagina Bloch & Schneider 

82. Gobioides caeculus (Bloch & Schneider) 

83. Glossogobius giuris (Hamilton) 


‘‘PranjiP’ 


. . 'Tundthu’’ 

. . “Nachcha Karimeen’ 

. . “Karimeen’^ 

. . '‘Pallathi” 


. . ‘Tootan’^ 
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Suborder GOTTOIDfil 
Family PLATYCEPHALIDAE 

84. Platyeepkalus insidiator (Forsfcal) 

Order PLEURONECTIFORMES 
Suborder PLEURONEGTOIDEI 
Family SOLEIDAE 

85. Synaptura orientalis (Bloch & Schneider) 
Family GYNOGLOSSIDAE 

86. Cynoglossus bengaUnsis (Bleeker) 

87. Cynoglossus punticeps (Richards) 

88. Cynoglossus lingua Hamilton 
Order TETRODONTIFORMES 

Suborder BALISTOIDEI 
Family TRIACANTHIDAE 

89. Triacanthus breuirostris Tcmminck & Schlegcl 
Suborder TETRODONTOIDEI 

Family TETRODONTIDAE 

90. Tetrodon patoca Hamilton 
Order BATRAGHOIDIFORMES 

Family BATRACHOIDIDAE (BATRAGHIDAF;) 

91. Batrachus grunniens (Linnaeus) 

PRAWNS 

Family PALAEMfONiDAE 

92. Palaemon carcinus Fabricius 
Family PENAEIDAE 

93. Penaeus indicus (M.— Edw.) 

94. Penaeus carinalus Dana 

95. bdetapenaeus dobsoni IVfiers 

96. Metapenaeus monoceros Fabricius 

97. Metapenaeus affinis (iVT.— Edw.) 

98. Parapenaeopsis stylifera (M. — Edw. ) 

Family SERGESTIDAE 

99. Aeetes erythraeus Nobili (?) 

Family PORTUNIDAE 

100„ Scylla sBrrata (Forskal) 

lOK Meptunus {Meptunas) sanguimlerUas (Herbst) 

102. Neptunus (Neptunus) pelagicus (Linnaeus) 
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ACHIASMAL ASSOCIATION OF HOMOLOGOUS CHROMOSOMES 
IN THE MALE MEIOSIS OF HALTS DENTATUS (HETEROPTERA) 

By 

M. D. L, SRIVASTAVA 

Z<^ology Department^ Allahabad University, Allahabad (India) 

[Received on 26ih April, 1965] 

Introduction 

The object of this communication is to report certain interesting features 
in the spermatogenesis of the bug, Halys dentatus, which escaped the notice of the 
previous investigator of this material, Dr. G. K. Manna, who published an 
exceedingly brief account of it (1951). These features, which have a bearing on 
our ideas of the role of chiasmata in maintaining the integrity of bivalents at 
the first metaphase (Darlington, 1937), are considered too important to be ignor* 
ed, and so a brief account of the entire course of meiosis of this bug is given 
below with special reference to the unusual features referred to above. 

Material a0d[ Methods 

Specimens of Halys dentatus were collected from groves of Allahabad and 
sacrificed immediately on being brought to the laboratory. Testes, which are 
compact, kidney-shaped structures^ deeply purple in colour, were fixed in 
Sanfelice’s fluid and sections were cut at 12 /a. Staining was carried out with 
iron-haeamatoxyline, gentian violet, and Feulgen’s dye. All the diagrams have 
been made with camera lucida and drawn to the magnification indicated below 
the figures. For the reason that appears below, all the diagrams have been drawn 
from fixed and stained material alone and not from acetocarmine squash 
preparations. 

Observations 

Spermatogonial mitosis. Fourteen chromosomes occur on the spermatogonial 
metaphase plate, which fall into six pairs and two unpaired elements, of which 
one is the smallest element of the entire complement, and the other nearly equals 
in size the members of a pair which rank smallest in length apart from the small 
unpaired element (Fig. 1). Of the unpaired chromosomes, the smallest is labelled 
Y-chromosome by Manna and the somewhat larger element, the X-chromosome, 
although he did not examine the female chromosome complement. I have 
however, studied the ovarian cells of H. dentatus and find that the smallest 
element is unrepresented in the female chromosome complement, while 
the element some-what bigger than this, is represented by two chromo- 
somes. Manna’s lebelling of sex chromosomes, though done without proper 
examination, thus turns out to be correct. Study of the metaphase plate in 
side view reveals the fact that, as usual in bugs, chromosomal fibres are attached 
to the chromosomes all along their length, which faces the poles. 

Anaphasic separation of daughter-chromosomes and their poleward move- 
ments arc normal. 
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EXPLANATION OF FIGURES 


bigs. 1. 9-12 are drawn from Sanfclice, gentian- violet preparations, while figs. 2, 8 are drawn from 
baniclice iron-haematoxyline preoaratioos. 

Fig. I. Spermatogonial meta phase showing 6 pairs of autosomes and 2 sex chromosomes (outlined) 
the smaller of the two being Y- and thf larger, the X- chromosome. 

Fig. 2. Leptotene nucleus. 


Fig. 3. Zygotene nucleus. 

Fig. 4. Diplotene nucleus ; the sex chromosomes form a single heteropyenotie mass. 

Figs. 5-8. Diakinetic nuclei, in all of which the Y- chromosome has divided into ■■2 chromatid, 
which have moved away from each other. cnromatids. 

Fig 5. In case of two autosomal bivalent, ih. ..u 

pUtely, while in case of another two autotnm^l ‘^}‘r°"?°somes have separated away com- 
terminally inter-connected by a very thin thread"'VhI^’x^'' chromosomes are 
nuclear membrane at 9 o’clock in the fitni.i- r ' Tjv- adheres to the 

th^section.''*' X-^chromXl^T^^^ 


Fig. 7. 


eac^other^^an^^a^naP^^^f separated homologous chromosomes, located far away from 

Xch ?arihTpair"cd is a^^bLaC 

to these, there are two bivalents which are intact ^ ^ ^ of fine threads. In addition 

.ta p.m„ or which i. lnc,„dS'iThorSL“l^V"„'^yrCZdo^i;^ 


Fig. 8. 


Fig. 9. 
Fig. 10. 


thc°d4«(e^of'reparLfo ™is'n(n^ltaU homologous autosomes, two bivalents in which 

mosome is probabirm°ssing or fe and one intact bivalent. The X- chro- 

X- chromosomes, in which^ase an autosSb^^^^^^^ 

1st. metaphase in polar view, showin 
chromosome (outlined). 

Early first anaphase in side view 
two. 


6 bivalents and the centrally placed X- and Y- 
The X- and Y- chromosome have each divided into 


Fig. 1 1 . metaphase in polar view, showing 6 autosomes and a centrally placed sex pseudo- 

Fig. 12. Second metaphase in side view, showing six chromosomes and the sex pscudo-bivalcnt 
at the equator of the spindle. ^ 
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Meiosis. The leptotene threads are fine, beaded threads, disposed through- 
out the nucleus at random, though in some nuclei a tendency towards polariza- 
tion is observed (fig. 2). At zygotene, synapsis is normal and complete for all 
autosome "pairs, and as far as can be made out, involves the pairing of Iiomologous 
chromosomes (fig. 3). Bouquet is observed in a small proportion of nuclei. At 
diplotene each bivalent bears loops separated by points of contact (fig. 4). Some of 
these, it seems reasonable to a'ssume, are chiasmata, although the four chromatids 
composing each bivalent at this stage, cannot bo m.ade out clearly and their 
interconnections are difficult of observation and remain obscure in most cases. 
However, a few favourable nuclei are observed of which detailed examination 
can be made. The diplotene stage is of a short-lived duration, as is indicated 
by the scarcity of diplotene nuclei, and the confused stage sets in soon after its 
onset. Its onset is heralded well before it actually sets in, for the pachytene 
threads stain pronouncedly more feebly than the early zygotene ones and during 
the short-lived diplotene the capacity of the bivalents to take stain is lowered still 
further. During the confused stage, as usual, the bivalents arc reduced to amor- 
phous, non-staining bits and masses of material. The sex chromosomes, which 
are present throughout the prophase as a single, or, rarely, two, corulcnsed, 
deeply-stained masses, stand out in sharp contrast to the auiosomes, a.s a deeply- 
stained, single disc, but quite often as two .separate discs. Tlie coufused stage 
lasts for a comparatively long duration, and on its close the diakinesi.s gids under 
way (figs. 5-9). The diakinctic nuclei present fciituirs of slrikitig interest. 
Even a cursory examination reveals at once the tmcxpctcted fact that the 
chromosomal elements number more than the expccltal sevtur or eight Imdies — 
depending on whether the X- and Y- chromosome arc associatetl into one 
mass or occur as separate bodies. The reason for this is quite :ii>parent too. 
The Y- chromosome, which can be identified readily on accotmt of its notably 
small size, has divided into two elements, which often lie apart from each other 
(figs. 5-8). It is not so easy to identify the X-chromosomc at this stage, 
but its identity may sometimes be reasonably surmised Iry its size. Like 
the Y- chromosome, the X-chromosome, may also he fomul divi<l(-d into 
two elements. But this is not all. Some autosomal bivalents are found 
dissociated, completely or incompletely, into two chromosomes, by resolution 
of the chiasmata (figs. 5-8). The associated (and most probably chiasmally 
interconnected) autosomes, forming a bivalent, a[)peav to !)e ilriv<m a|)art, 
possibly by forces of repulsion arising from their entire surfaces, and tdteir 
terminal connections are drawn into exceedingly thiii strands, wliich are 
ultimately broken, setting the partner chromosomes free of cacii other. One 
cannot reasonably assume that this is the fate of any particular autosomal 
bivalent, as on account of the largeness of the nuclei at this stage, their 
entire chromosomal contents are not found contained in them, one or two 
elements being missing, Acetocarmine squash material luay btt considered 
suspect on account of the danger of accidental stretching apart of the paired 
chiomcsomes at diakinesis and so has not been used as a basis for these obser- 
vations. However, in most of the diakinctic nuclei, some of the mtlosomal 
bivalents are found dissociated. The products of the di.s.sociatiun of anyone 
bivalents can be usually identified with some certainty on the ground of the 
similarity of their size, shape and disposition, lixaniiuation of a sufiicicully larirc 
number of diakinetic nuclei convinces one that in all probability .some bivalent 
IS disintegrated in most nuclei. 


1 , or pro-roetaphase is apparently very short-lived and 

the first metaphase gets under way quickly, so thlu the detail! ofLt 
tion of the separated homologous chromosomes escape observation. However, 
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at all the first metaphases examined, all the homologous chromosomes are fully 
and completely associated to give rise to normal-looking bivalents (figs. 9 and 
10). It is apparent that this is, at least for some of the bivalents, an association 
of condensed chromosomes, not comparable to the orderly length-wise pairing 
of the zygotene threads, and that formation of fresh chiasmata is certainly out 
of the question at this stage. The pairing of the homologous chromosomes is, 
therefore, maintained at the first metaphase by special forces of attraction 
emanating from them. The X- and Y- daughter-chromosomes come together, 
forming single sex-chromosomes, and are, in all cases, orientated separately on 
the metaphase spindle. At the first anaphase the paired autosomes move towards 
the opposite poles and along with these go the separated X- and Y- daughter- 
chromosomes. Each 1st anaphase pole, thus, receives eight chromosomes, six 
autosomes and two sex- chromosomes. At the second metaphase seven chro- 
mosomal elements are orientated on the equator of the spindle, six autosomes 
and a pseudo-bivalent formed of X- and Y- chromosome (fig. ll), which are 
dissociated immediately after coming in touch and remain situated apart from 
each other towards the opposite poles (fig. 12). The autosomes, as usual, divide 
each into two, and the daughter- chromosomes move to the opposite poles, the 
X- or Y- chromosome passing along with them. At the end of the second 
anaphase each centre contains six autosomes and one of the two sex- chromo- 
somes. In the early spermatid nuclei the individual chromosome can be counted 
for some time. 

The course of meiosis runs normally in each lobe of the testis. There is 
no harlequin lobe (Schrader 1945 a, b, 1946, a, b ; Srivastava, 1937). 

Discussion 

The principal feature of interest marking the spermatogenesis of this bug is 
the complete dissociation of some paired autosomes during diakinesis and their 
re-association towards the end of this phase, resulting in the appearance of 
normal-looking bivalents at the first metaphase. These bivalents are fully con- 
densed and normally orientated. It is obvious that the integrity of these is not 
maintained by chiasmal interconnexions, which are absent, but by the operation 
of special forces of attraction. 

Several instances of achiasmal association of chromosomes are known, the 
most notable reports being (apart from the male Diptera) those concerning 
meiosis in scorpions, where it seems to be the rule rather than the exception 
(Piza, 1939, 1940, 1943 ; reference in Srivastava and Agrawal, 1961). One strik- 
ing difference between these instances of principally the same phenomenon, is 
that, in the scorpions, (for example, in Palamnaeus longimanus studied by Srivastava 
and Agrawal, 1961) the homologous chromosomes show distance pairing from the 
beginning of the first prophase down to the end of the first metaphase, as if the 
integrity ot the bivalent is maintained by the simultaneous operation offerees 
of attraction and repulsion, the distance pairing representing an equilibrium 
position. In Halys dentalus the association of autosomes at the first metaphase 
is very close indeed and the two individul elements of a pair cannot be dis- 
tinguished from each other at all, in contrast to the situation in Palamnaeus 
longimanus, where the members of a pair remain visibly separate from each other 
at the full first metaphase. It seems reasonable to assume that in Halys dentatus 
forces of attraction alone are in play at the first metaphase. 

The X- and Y- chromosome manifest the usual property of being out of 
step with the euchromatic elements in the cycle of spiralization and despiraliza- 
tion, being deeply condensed in the meiotic prophase, especially so in 
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confused stage. The coming together of the daughter X- and Y- chromosome, at 
metaphase, however, may not be ascribable to the unspecific attraction exercised 
by heterochromation, for in that case one would expect the association of X- and 
Y- chrot’ osome at rneiaphase about as frequently as X- to X- and Y- to Y*- 
chromosome taken together. This never happens. In about; twenty-five Isi 
metaphase plates examined no instance of an association of X' and Y- ebmicn^ 
has been found. So it mig it be tliouglit that the association of daughter X- and 
Y- chromosomes is brought about by the same type of specific attraction as 
operates between homologous auiosoincs. However, two considerations might 
be thought to weigh against this conclusion. For one thing, at the 1st ineta* 
phase, in most Heteroptera, X- and Y- chromosome do not pair at all (or only 
for a veiy short time). The forces responsible for keeping X- and Y- chromo- 
some apart from each other can be reasonably supposed to prevent the associa- 
tion of daughter sex chromosomes. Secondly, many more plates should have 
been studied for this purpose than has been actually done, for there arc obvious 
chances of misobservation. 


These observations indicate the dispensability of chiasmata as a mechanical 
force holding the paired chromosomes intact at the first metaphase. However, 
the universality of the prevalence of chiasmata indicates their importance, both 
genetical and mechanical, and their dispensability in some organisms or gioups 
Of organisms is to be considered exceptional, associated with evolution of peculiar 
devices to take their place — special attraction forces and suchdike factors. 


The phenomenon of the disintegration of the autosomal bivalents maybe 
considered an extreme form of prometaphasc stretch (White, 1954). 

Summary 

1. The diploid chromosome complement of Halys dcntalus consists of six 
pairs of autosoines and an X- and a Y- chromosome. 

2. Synapsis and formation of chiasmata occur normally, but at dia kinesis 
some of the paired autosomes separate away from their parliuvrs on account of 
chiasmata. The Y- and proliably X- chromosome also 
divides into two elements each, the daughter sex chroinosonies beiiu; .senaratod 
away from each other completely. 

tceether ^nrl disassociated homologous autosomes come 

eg.t^her «gain and give rise to normal-looking bivalents. Similarly, the daughter 
X- chromosomes and the daughter Y- chromoLmes become clo Jy Vsso^ 
to appear as single elements. ^ n assooiaicu 

.nd 

go’ paLgZd Ir'raleXZvSL.'Z^'f"'?,'^- chromosome show 'touoh-and. 
along wish .he daugh.e.-au.osome. for;„ed bVS dSlI'oIm.ZamSm''’ 
b. Ihere is no harlequin lobe in the testes of this bug. 
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Itttroductiou ' 

The Green sandstones of Lameta series of Cretaceous age is met with in a 
beautiful section in Ghhui Hills, Jabalpur, overlying the Jabalpur and overlain by 
the traps. 

As the name suggests the green sandstones are green in colour. These are 
loosely cemented and poorely compacted. 

This paper relates with the shape analysis of the quartz grains of Green 
sandstones. The object of the study is, — 

(i) to trace the trend of variaticwi in sphericity and roundness of the 

sediments from coarser to finer grades of sizes, and 

(ii) to investigate the sediment characteristics dependent upon these 
variables. 

IVEatcirials a&id Methods 

The disaggregated sediments of the Green sandstones were mechanically 
analysed through a set of B. S. Sieves. Thus fractioned products were labelled as 
below : 


Sample Number 

Product 


I 

-14+18 Mesh, 

{B.S.S.) 

II 

-18+25 „ 

3) 

III 

-25+52 „ 

ts 

IV 

-52+72 „ 


V 

-72+100 „ 


VI 

-100+150,, 


VII 

-150+170 „ 


VIII 

- 170+200 „ 

55 
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A representative portion of the sands from each product was separately 
mounted on glass slides, and the camera lucida sketches were drawn on paper. 
Sr usual estimation of large number of sediments the sphermuy and round- 
ness numbers of some of the representative grams of tlic samples were detei mined 
according to the methods described by Wadell (1935). '1 lie radu ol the corners 

of the grains and that of the smallest circumscribing and largest inscribing circles 
were obtained with the help of a circular scale ; the area of the grain projection 
was obtained with the help of a planimeter. 


Definitions 

Some formulae which are used here, have been defined below : 
Sphericity, is given by 



where (ic=diameter of a circle equal in area to the grain projection. 

Dc=diameter of the smallest circle circumscribing the projection. 

The arithmetic mean sphericity is obtained by the expression 

? = J- 

where f = mean sphericity 

and n = number of observations 

However, with the same mean value, the sphericity distril)niitm may be 
different for the variates. Thus the mean deviaUon, d, which is the mean of tlie 
deviations of the observations from their mcuus, is given by 

d s I f ^ I 

To obtain the measure of dispersion the standard deviation is obtained 
by the equation 


The coefficient of shape sorting (Kruinbein and Sloss, 1*951)8^ maybe 
obtained by the formula 

where Q,j = first quartile 
and Q, 3 =third quartile 

The skewness is calculated from the expression 

s. -2i+9.i-2a» 

‘ ft, -ft, 

where denotes the second quartile 

Shaping factor (Verma, 1958) has been determined from the e(,iiaiion 

S. F. = 1 --.r 
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The roundness number P is defined as 
P= ^/N 

where tr = sum of the radii of the corners 

H = radius of the maximum inscribed circle, and 
N = number of corners 


The mean roundness P, is given by 
P = 

n ^ 

As in the case of sphericity the distribution of roundness may be different 
for the variates, and the mean deviation, d, is calculated from the expression 

where | P - P | = deviation of the observation from the mean. To have an idea 
of naeasure of dispersion of roundness, the standard deviation can be calculltS 
similarly as in the case of sphericity. The equation to be used in this case will be 

The degree of variation in roundness may be obtained by the equation 

where Sp ~ degree of variation in roundness 
= first quartile 
and 0,3 = third quartile 

The skewness, , is obtained from 


Sa= 

Q/3 Ol 


where 0<i the second quartile 


Rounding factor has been calculated from 


Sphericity 

The sphericity numbers of some of the representative grains of the Gioht 
samples are recorded in Table 1. ^ 
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table I 


Values of f, - i’) and - 'ff 


Grain 

Sphericity 

f 

if-i') 

if - 'if? 

Grain 

Sphericity 



A 

0-79 

-0-02 

0-0004 

SAMPLE I 

K 

0-78 

~ 0-03 

0-0009 

£\ 

B 

0-82 

4-0-01 

0-0001 

L 

0-73 

~ 0-08 

0-0064 

n 

0*80 

- 0-01 

0-0001 

M 

0-82 

4-0-01 

0-0001 

D 

0-85 

4-0-04 

0-0016 

N 

0-85 

4-0-04 

0-0016 

E 

0-79 

-0-02 

0-0004 

o 

0-76 

-0-05 

0-0025 

F 

0-82 

4-0-01 

0-0001 

p 

0-85 

-1-0-04 

0-0016 

G 

0-88 

4-0-07 

0-0049 

Q. 

0-78 

- 0-03 

0-0009 

H 

I 

0-88 

4-0-07 

0-0049 

R 

0-81 

0-00 

o-oooo 

0-86 

4 0-05 

0-0025 

S 

0-77 

- 0*04 

0-0016 

J 

0-84 

4-0-03 

0-0009 

T 

0-73 

- 0-08 

0-0064 

A 

0-82 

-0-01 

SAMPLE II 

0-0001 K 

(Hio 

- 0-15 

0-0225 

B 

0-73 

-0-08 

00064 

L 

0*85 

4 0-04 

0-0016 

G 

0-77 

-0*04 

0-0016 

M 

0-79 

- 0-02 

0-0004 

D 

0-91 

4-0-10 

0-0000 

N 

0-89 

- 0-08 

0-0064 

E 

0-82 

4-0-01 

O-OUOl 

O 

0-82 

4 0-0 1 

0-OODl 

F 

0-92 

4-0-11 

0-0121 

P 

0-73 

- 0-08 

0-O0C4 

G 

0-82 

4-0-01 

0-0001 

Q 

0-89 

40-08 

0-0064 

H 

0-77 

-0-04 

0-0016 

R 

0-75 

-O-OG 

0-0036 

1 

082 

-fO-01 

0-0001 

S 

0-77 

- 0-04 

0-0016 

J 

A 

0-74 

-0-07 

0-0049 

T 

0-88 

4-0-07 

0-0049 

0-88 

40-06 

SAMPLE III 
0-0036 K 

0-93 

4-0-11 

0-0121 

B 

0-75 

-0-07 

0-0049 

L 

0-96 

4-0-14 

0-0196 

G 

0-81 

- 0-01 

0-0001 

M 

0-94 

4"0 12 

0-0144 

D 

0-77 

- U-05 

0-0025 

N 

0-79 

- 0-03 

0-0009 

E 

0-85 

4p0-03 

0.0009 

O 

0-77 

- 0-05 

0-0025 

F 

0-88 

4-0-06 

0-0036 

P 

0-77 

- 0-05 

0-0025 

G 

0-77 

-0-05 

0-0025 

Q 

0-79 

- 0-03 

0-0009 

H 

0-87 

4-0-05 

0*0025 

R 

0-79 

-0-03 

0-0009 

I 

0-82 

-0-00 

0-0000 

S 

0-70 

- 0-12 

0-0144 

J 

0-81 

-0-01 

0-0001 

T 

0-87 

4-0-05 

0-0023 
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Grain 

Sphericity 

'if -'P) 

(P - 

Grain 

Sphericity 

'P 

{'P-'P) 

[f - ^)2 




SAMPLE 

IV 




A 

0-76 

-0:02 

0-0004 

K 

0-81 

40-03 

0-0009 

B 

0-89 

+0-11 

0-0121 

L 

0-70 

-0-08 

0-0064 

G 

0-81 

+ 0-03 

0-0009 

M 

0-72 

-0-06 

0-0036 

D 

0-66 

-0-12 

0-0144 

N 

0-82 

*4" 0“04 

0-0016 

E 

0-89 

+0-11 

0-0121 

O 

0-78 

000 

0-0000 

F 

0-91 

. +0-13 

0-0169 

P 

0-76 

-0-02 

0-0004 

G 

0-78 

0-00 

0-0000 

Q 

0-84 

40-06 

0-0036 

H 

0-68 

- O-IO 

0-0100 

R 

0-60 

-0-18 

0-0324 

I 

0-69 

-0-09 

0-0081 

S 

0-81 

40-03 

0-0009 

I 

0-91 

+0-13 

0-0169 

T 

0-76 

-0-02 

0-0004 




SAMPLE 

V 




A 

0-72 

- 0-05 

0-0025 

K 

0-74 

-0-03 

0-0009 

B 

0'66 

- 0-11 

0-0121 

L 

0-79 

40-02 

0-0004 

C 

0-70 

- 0-07 

0-0049 

M 

0*73 

0-04 

0-0016 

D 

0-72 

- 0-05 

00-025 

N 

0-89 

40-12 

0-0144 

E 

0-82 

+ 005 

0-0025 

O 

0-82 

40-05 

0-0025 

F 

0-81 

0*04 

0-0016 

P 

0-86 

40-09 

0-0081 

G 

0-69 

-0-08 

0-0064 

Q 

0-91 

40-14 

0-0196 

H 

0-75 

- 0-02 

0-0004 

R 

0-72 

-0-03 

0-0009 

I 

0-67 

- 0-10 

0-0100 

S 

0-83 

4006 

0-0036 

J 

0-77 

0-00 

0-0000 

T 

0-89 

40-12 

0-0144 




SAMPLE VI 




A 

0-82 

+ 0-04 

0-0016 

K 

0-78 

0-00 

0-0000 

B 

0-88 

+0-10 

0-0100 

L 

0-74 

- 0-04 

0-0016 

C 

0-71 

-0-07 

0-0049 

M 

0-80 

40-02 

0-0004 

D 

0-67 

-0-11 

00121 

N 

0-71 

- 0-07 

0-0049 

E 

0-66 

-0-12 

0-0144 

O 

0-76 

- 0-02 

0-0004 

F 

0-66 

+012 

0*0144 

P 

0-91 

40-13 

0-0169 

G 

0-93 

+0-15 

0-0225 

a 

0-84 

4 O-O 6 

0-0036 

H 

C-87 

4-0-09 

0-0081 

R 

0 76 

-0-02 

0-0004 

I 

0-57 

4-0-21 

0-0441 

S 

0 89 

40-11 

0-0121 

J 

0-85 

40-07 

0-0049 

T 

0-87 

40-09 

0-0081 
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Grain 

[’P- 

<P) (P - 

^ . Sphericity 

Grain ^ 

{f - f) 

i'P - 




SAMPLE VII 




A 

B 

0-84 

0-79 

+0-08 

-pO'03 

0-0064 

0-0009 

K 

L 

0-86 

0-44 

+0-10 
- 0-32 

0-0100 

0-1024 

G 

0*85 

+0-09 

0-0081 

M 

0-76 

0-00 

0-0000 

D 

0-91 

+ 0-15 

0-0225 

N 

0-70 

- 0-06 

0-0036 

E 

0-76 

0-00 

0-0000 

O 

0-70 

- 0-06 

0-0036 

F 

0-98 

40-22 

0 0484 

P 

0 64 

-0-12 

0-0144 

G 

0'82 

-1-006 

0-0036 

Q 

0-71 

- 0-05 

0-0025 

H 

0*76 

0-00 

0-0000 

R 

0-73 

+0-03 

0-0009 

I 

0-89 

+ 0-13 

0-0169 

s 

0-67 

- 0-09 

0-0081 

I 

0'88 

+0-12 

0-0144 

T 

0-47 

- 0-29 

0-0041 



SAMPLE VIII 




A 

0-82 

+0'06 

0-0036 

K 

0-84 

-l-o-oa 

0-0064 

B 

0'54 

- 0-22 

0-0484 

T, 

0-74 

- 0-02 

0-0004 

c 

0-74 

-0-02 

0-0004 

M 

0-69 

- 0-07 

0 0049 

D 

0-80 

4004 

0-0016 

N 

0-74 

- 0-02 

0-0004 

E 

0 66 

-0-10 

0-0100 

O 

0 74 

- 0 02 

0-0004 

F 

0-60 

-0-15 

0 0256 

P 

0 98 

-! 0-22 

0-0*184 

G 

0-67 

-0-09 

0-0081 

a 

0-78 

-i 0 02 

0-0004 

H 

0-67 

-0 09 

0-0081 

R 

0-72 

- O-OO 

0 0036 

I 

0-95 

4.0-19 

0 0361 

S 

0 86 

+ 0-10 

0-0 100 

J 

0-84 

-i-008 

0-0064 

T 

0-80 

+0-04 

0-0016 

From the above data, the mean sphericity and 
deviations have been caluculated for the samples. 

the mean 

and the 

standard 


The frequencies for the various groups of sphericity numbers have been 
shown by histograms in figure 1. It may be seen that regular histograms are 
obtained upto sample III. Samples IV to VIII except sample V, show a break in 
the frequency distribution of sphericity numbers. In otherwords, the coarser 
fractions show continuity in the distribution of sphericity number and the liner 
fractions indicate ommission of some group or groups of sphericity numbers. The 
range of sphericity numbers in the case of latter is more, whereas the former range 
is more compact. 

Cumulative frequency distribution curves have been obtained for the eight 
samples by plotting the cumulative frequency and percentage on the y-axis 
against the corresponding sphericity number on the x-axi.s. Tlnase plot.s are shown 
in figure 2. From these curves, the values of the quartile.s have been obtained 
and the coefficient of shape sorting calculated thereform. Some importairt 
statistical measures investigated, from the data given in Table I and from the 
Cumulative curves shown in figure 2, have been tabulated below s 
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S f^/c/ry NUN&£:/K 

C S for Sample ] 

Histograms showing the Frequency of the diifercnt measures of Sphericity 


tAfiLfi if 

Some Siatistical Paramelers — Sphericity 


Sample No. 
Parameter 


Range of Spher- 
icity 

Mean Sphericity 
Mean deviation 
Standard deviation 0*043 
Median Sphericity 0*79 

GoefBcient of shape 

sorting 1 04 1*06 

Skewness "0*20 -0*10 

Shaping factor 0*956 0*932 


0*82 

0*78 

0*77 

0*056 

0*068 

0*063 

0*067 

0 26 

0*23 

0*785 

0*77 

0*73 

1*06 

1*09 

1*119 

+ 0*30 

- 0*44 

+ 0*21 

0*932 

0*913 

0*918 


VI 

vn 

VIII 

0*57^ ^-0*93 

0-44-0-90 

0-54 0-98 

0*78 

0-76 

0*76 

0*082 

0-10 

0*085 

0*304 

0*132 

0*106 

0*77 

0*77 

0*71 

1*095 

M19 

1*09 

+ 0*03 

-0*27 

+ 0*31 

0*895 

0*87 

0*89 


I 11 in IV V 


0-73-0-88 0*66-0*92 0*70-0*96 0*60-0*91 0*67-0*91 
0*81 0*81 

0 036 0*055 

0*067 
0*785 



Fig. 2. Curves showing the cumulative frequency percentage vs sphericity 


The values of mean sphericity for the various samples indicate that the 
average sphencity numbers for sample I-III is between 0-81-0-28, and for 
samples III-VIII is between 0-76-0-78. This fall in values in fractions below 52 

th^ Idslograms, the dissimilauty 

^ (with reference to 52 mesh). It is also 

ThS fractions, than inthecoaiscr 

inad and the finpr the coarser fraction representing one 

niprismg both the loads and hence greater deviation values in 


[ 146 ] 



clieni. Likewise coefficient of shape sorting, suggest a greater sorting with respedt 
to sphericity in the coarser fractions, than in the finer ones. It may be further 
observed that the shaping factors for the coarser fractions indicate relatively 
larger degree of homogeneity. Sample IV-VIII, do not show any regular trend in 
the variation of shaping fractors with regard to size. The values increase as well 
as decrease with the decrease in size. Comparatively lower values of shaping 
factors in the finer fractions Indicate that the degree of homogeneity in finer frac* 
tions is less. 

It is interesting to note that mean sphericity is always higher than the 
median sphericity in these samples. 

Roundiiess 

The roundness numbers of some of the more representative grains of the 
eight samples are recorded in Table III. 

TABLE III 


Values c/P, (P - P) and (P - P)^ 


Grain 

Roundness 

P 

(P-P) 

(P - P)a 

Grain 

Roundness 

P (P - P) (P - Pf 




SAMPLE I 




A 

0-44 

+0-01 

0 0001 

K 

0-42 

- 0-01 

0-0001 

B 

0-39 

- 0-04 

0-0016 

L 

0-61 

+ 0-18 

0-0324 

G 

0-43 

-0-00 

0-0000 

M 

0-37 

- 0-06 

0-0036 

D 

0-45 

+0-02 

0-0004 

N 

0-62 

+0-19 

0-0361 

E 

0-22 

- 0-21 

0-0441 

O 

0-30 

- 0-13 

0-0169 

F 

0-66 

+0-23 

0-0529 

P 

0-45 

+0-02 

0-0004 

G 

0'64 

+0-21 

0-0441 

a 

0-43 

0-00 

0-0000 

H 

0'26 

- 0-17 

0-0289 

R 

0-48 

+0-05 

0-0025 

I 

0-31 

- 0'12 

0-0144 

S 

0-43 

0-00 

0-0000 

J 

0-36 

-0-07 

0-0049 

T 

0-35 

-0-08 

0-0064 




SAMPLE II 




A 

0-41 

-0-05 

0-0025 

K 

0-44 

-0-02 

0-0004 

B 

0-44 

-0-02 

0-0004 

L 

0-61 

+0-15 

0-0225 

G 

0-52 

+0-06 

0-0036 

M 

0-27 

-019 

0-0361 

D 

0-31 

- 0-15 

0-0225 

N 

0-46 

0-00 

0-0000 

E 

039 

-0-07 

0-0049 

O 

0-66 

-0*20 

0-0400 

F 

065 

+ 0-19 

0-0361 

P 

0-59 

- 0-13 

0-0169 

G 

0-46 

000 

0-0000 

a 

0-39 

-0-07 

0-0049 

H 

0-45 

- 001 

0-0001 

R 

0-38 

-0-08 

0-0064 

I 

0-59 

+0-13 

0-0169 

S 

0-44 

-0-02 

0-0004 

J 

0-46 

0-00 

0-0000 

T 

0-29 

-0-17 

0-0289 


[ 147 ] 


Gram 

Roundness 

P (P-F) (P 

- P)® 

Grain 

Roundness 

P 

(P-P) (P-’P)** 




SAMPLE HI 




A 

0-45 

-0-06 

0 0036 

K 

0-50 

- 0-01 

0-0001 

B 

0-51 

0-00 

0-0000 

L 

0-69 

+ 0-18 

0-0324 

C 

0-67 

-1-0-16 

0-0256 

M 

0-37 

- 0-14 

0-0196 

D 

0-55 

+0-04 

0-0016 

N 

0-51 

0 00 

0 0000 

E 

0-54 

+0-03 

0-0009 

O 

0-61 

4-0-10 

0-0100 

F 

0-50 

- o-oi 

0-000 1 

P 

0-44 

- 0-07 

0-0049 

G 

0-45 

-0-06 

0-0036 

Q 

0-41 

- 0-01 

00100 

H 

0-66 

+0-15 

0-0225 

R 

0-52 

4-0-01 

0-0001 

I 

0-68 

+0-17 

0-0289 

S 

0-59 

+0 08 

0-0064 

J 

0-31 

-0-20 

0-0400 

T 

0-37 

- 0-14 

0-0196 




SAMPLE IV 




A 

0-61 

-0-08 

0-0064 

K 

0-92 

+0-23 

0-0529 

B 

0-71 

+0-02 

0-0004 

L 

0-73 

4-0-04 

0-0016 

G 

0-86 

+0-17 

0-0289 

M 

0-57 

4-0-12 

0-0144 

D 

0-66 

-0-03 

0-0009 

N 

0-62 

- ()-()7 

0-0049 

E 

0'31 

-0-38 

0-1444 

O 

0-70 

40-01 

0-0001 

F 

0-50 

-0-19 

0-0361 

P 

0-63 

- 0-06 

0-0036 

G 

0-8() 

+ 0-17 

0-0289 

a 

0-62 

- 0-07 

0-0049 

H 

0-83 

+0-14 

0-0196 

R 

0-73 

-1 0-04 

0-0016 

I 

0-83 

+0-14 

0-0196 

S 

0-72 

4 0-03 

0-0009 

J 

0-75 

4-0-06 

0-0036 

T 

0-66 

- 0-03 

0-0009 




SAMPLE V 




A 

0-60 

4-0-03 

0-0009 

K 

0-88 

+ 0-31 

0-0961 

B 

0-53 

- 0-04 

0-0016 

L 

0-60 

+ 0-03 

0-0009 

C 

0-39 

- 0-18 

0-0324 

M 

0-60 

4 0-03 

0-0009 

D 

0-6I 

4-0-04 

0-0016 

N 

0-56 

- 0-01 

0-0001 

E 

0-85 

4-0-28 

0-0784 

O 

0 46 

- 0-11 

0-0121 

F 

0'47 

-0-10 

0-0100 

P 

0-57 

0 00 

0-0000 

G 

0-52 

-0-05 

00025 

Cl 

0-41 

- 0-16 

0-0256 

H 

0-76 

+0-19 

0-0361 

R 

0-70 

+ 0-13 

0 0169 

I 

0 55 

-0-02 

0-0004 

S 

0-42 

- 0-15 

0-0225 

J 

0-53 

- 0-04 

0-0016 

T 

0-40 

- 0-17 

0-0289 
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Grain 


Grain 


Roundness 

P 


(P - P)3 


(P - Pi® 


Roundness _ _ 

P (P - P) (P -P)® 


SAMPLE VI 


A 

0-50 

- 0-11 

0-0121 

K 

0-62 

4-0-01 

0-0001 

B 

0-32 

-0-39 

0-1521 

L 

0-83 

4-0-22 

0-0484 

G 

0-40 

- 0-21 

0-0461 

M 

0-83 

-0-22 

0-0484 

D 

0-79 

+0-18 

0-0324 

N 

0-52 

-0-09 

0-0081 

E 

0-60 

- 0-01 

0-0001 

O 

0-43 

- 0-18 

0-0324 

F 

0-66 

4-0-06 

0-0036 

P 

0-77 

4-0-16 

0-0256 

G 

0-65 

4-0-04 

0-0016 

a 

0-80 

4-0-19 

0-0361 

H 

0-80 

4-0-]9 

0-0361 

R 

0-75 

4-0-14 

0-0196 

I 

0-59 

-0-02 

0-0004 

S 

0-69 

4-0-08 

0-0064 

J 

0-75 

-fO-14 

0-0195 

T 

0-55 

-0-06 

0-0036 




SAMPLE VII 




A 

0-87 

•4-0-19 

0-0361 

K 

0-63 

- 0-05 

0-0025 

B 

0-85 

4-0-17 

0-0289 

L 

0-66 

- 0-02 

0-0004 

C 

0-80 

4-0-12 

0-0144 

M 

0-50 

- 0-18 

0-0324 

D 

0-56 

-012 

0-0144 

N 

0-83 

4-0-15 

0-0225 

E 

0-66 

-0-02 

0-0004 

O 

0-66 

- 0-02 

0-0004 

F 

0-66 

-0-02 

0-0064 

P 

0-80 

4-0-12 

0-0144 

G 

0-46 

-0-22 

0-0484 

Q 

0-77 

-fO-09 

0*0081 

H 

0-50 

-0-18 

0-0324 

R 

0-73 

4-0-05 

0-0025 

I 

0-83 

4-0-15 

0-0225 

S 

0-83 

4-0-15 

0-0225 

J 

0-39 

- 0-29 

0-0841 

T 

0-61 

p 

O 

I 

0-0049 




SAMPLE VIII 




A 

0-90 

4-0-18 

0-0224 

K 

0-60 

0-13 

0-0169 

B 

0-83 

4-0-11 

0-0121 

L 

0-75 

4-0-02 

0-0004 

G 

0-73 

0-00 

0-0000 

M 

0-92 

4r0-19 

0-0361 

D 

0-66 

-0-07 

0-0049 

N 

0-75 

4-0-02 

0-0004 

E 

0 73 

0-00 

0-0000 

O 

0-75 

4-0-02 

0-0004 

F 

0-83 

4-0-10 

0-0100 

P 

0-90 

4-0-17 

0-0289 

G 

0-90 

4-0-17 

0-0289 

Q. 

0-66 

- 0-07 

0-0049 

H 

092 

-fO-19 

0-0361 

R 

0-77 

4-004 

0-0016 

I 

0-66 

-007 

0-0049 

S 

0-50 

- 0-23 

0-0529 

J 

0-90 

4-0-17 

0-0289 

T 

0-60 

- 0-13 

0-0169 
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wing the frequency of flic different measures of Roundness 




From the above data, the sediments constituting the Green sandstones may 
DC classified into four roundness grades of Pettijohn (1957) as below : 

TABLE IV 

Classification — Roundnexs Grades of Pettijohn 


Roundness 

Grade 

Sample 

I 

Sample 

11 

Sample Sample 
III IV 

Sample 

V 

Sample Sample Sample 
VI VII VIII 




PERCENTAGE 




0*21 to 0*25 
Subangular 

5-0 

— 

- 

- 

— 

— ■ — 

- 

0*26 to 0*40 
Subrounded 

35-0 

30-0 

5-0 

15-0 

10-0 

10-0 5-0 

— 

0*41 to 0*60 
Rounded 

400 

55-0 

10-0 

60'0 

65-0 

30-0 20-0 

15-0 

0*60 

20-0 

15'0 

85'0 

25'0 

25'0 

60-0 75-0 

85-0 


Well rounded 

The figures of the table indicates that the coarser sediments comprise 
essentially of subrounded to rounded grains, and the finer ones are made up of 
rounded to well rounded grains. 

Mean roundness and the deviations— mean as well as standard, have been 
calculated from the data of Table III for the samples. 



O t 0*3 Q‘4 O'S O'S 0«7 0-6 0-9 \-00 


Fig. 4, Curves showing the cumulative frequency percentage vs roundness numb^tf 
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Hiitosrams have been drawn, (Figure 3), showing ihc frequency of various 
groups of roundness numbers. A general study of the histograms tends to suggest 
a Doivmodal distribution of the roundness of the sediments, due to^ the presence 
secondary maxima. However, at least apparently two loads constitute the sed 

one coarser (upto sample III, d-52 mesh B. S# S.) and the other liner (from 

sample iV onwards, -- 52 mesh B. S. S. fractions). In the case ol sediineiils of the 
former load, the roundness number do not have values higher than ddil) whereas 
in the case ohatter, the values on the higher side range upto ()‘1)2. Similarly on 
the lower side, the roundness numbers go down upto 0’22 iu the coarser tractions 
and it starts only from 0*3 1 in the finer groups. 


Cumulative frequency distribution curves have been plotted (Figure 4) 
with cumulative frequency on the j'-axis and the loundness numlier on the 
;v-axis. From these curves, the values of the quartilcs have been obtained. Some 
important statistical measures investigated trom the data given in Table III and 
from the cummulative curves shown in figure 4, have been tabulated below : 


TABLE V 

Some Statistical Parameters — Roundness 


Sample No. j 

Parameters 

II 

HI 

IV 

V 

VI 

vn 

VIII 

Range of Round- 
ness Values 0’66-0'22 0'66-0-27 0-69-0-31 

0-92 -0-31 

0*88 (}’3ii 

0 83 0 3i 

0*87 0 39 

0*92 ■■■0*50 

Mean Roundness 0‘43 

0*46 

0‘5l 

0-G9 

0*57 

0*61 

0*()8 

0*73 

Mean deviation 0 09U 

0*065 

0*085 

0-104 

0*103 

0*135 

o*m 

0*104 

Standard devia- 
tion 0*116 

0*110 

0*107 

0-137 

0*130 

0*510 

0*141 

0*120 

Coefficient of 

variation 26*9 

23*9 

47*6 

19-8 

23*8 

81*7 

20*4 

14*2 

Median Round- 
ness 0*405 

0*43 

0*495 

0-6U0 

0*53 

0*03 

0*005 

0*72 

Degree of variation 
in roundness 1’14 

1*19 

1*19 

1-09 

M3 

P22 

MO 

M4 

Skewness -0*5 

+ 0*25 

0 

-0-16 

+ 0*6 

0 

+ 0*15 

+ 0*28 

Rounding Factor 0*79 

0*82 

0*83 

0-85 

0*81 

0*70 

0*84 

0*86 


The mean roundness values of the grains in samples I to III lie within the 
range of ^‘rounded” grade of Pettijohn’s scale, whereas for those of sample IV- 
VIII lie in the ‘‘well rounded” grade, except in the case of sample V (the mean 
roundness in the latter case also is quite near the range for “well rounded** 
grains). Similarly, it has been observed that the values for deviations arc rather 
high for samples I V-VIII and comparatively lower for sample I-IIL The degree 
of variation in roundness is high in all the cases, indicating a high degree of 
sorting of grains with regard to roundness in each fraction. 

As from the study of sphericity of these grains, roundness also suggests 
some sort of dissimilarity between the grains of the samples I-llI with those of 
the samples IV-VIII. 

The data given in table V do not show any regular pattern of variation 
in rounding factor. It may be seen that samples III and VI have a value “zero’* 
for the skewness, suggesting that the symmetry is well balanced. Presenec of 
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both clockwise and anticlockwise values of measures for skewness in other cas'dS, 
indicates that the roundness numbers are not preferentially skewed on one side 
or the other. 

It is rather interesting to note that the mean roundness is always higher 
than the median roundness in these sediments except in Sample VI. 


6REEM SANDSTONE^ CHHUi HILL 



•t '8 *7 ‘S -4 *3 


OtAMETCR IN M.M‘ 

ria.5* l{OUNDN&S$ SHIP 


In figure 5 coefficient of variation and mean roundness have been plotted 
against the size of the sediments. There appears to be sympathetic behaviour 
of the coefficient of variation and mean roundness with the decrease in size of 
the oarticles upto 0-295 mm. 1 he curves show same complex relationship after- 
wards by cutiing each other at many places. This complexity may again be 
due to admixture of sediments of more than one type. The mam load represent- 
ed in the figure at the coarser side shows consistency due to sympatnetic relation- 
ship between the variables and the variation in side. 

Similar inference in favour of more than one load theory has beem drawn 
from the study of scatter diagram of length and breadth/ length of the grains as 
also from their mechanical analysis (results already communicated elsewhere 
for publication). 
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SPHERlGilY NUMBER 


Fig. 6. Scatter diagram for Sphericity and Rouiidncss. 

Sphericity and Honnditess 


From the study of Table I and III, it is observed that for the same spheri- 
city number there are different roundness numl)cr and vice-DersUf indicating that no 
linear relationship exists between the two variai)lcs. A scatter diugiaui (Figure 61 
is prepared by plotting the sphericity numbers of the. grains on x*axis and the 
corresponding roundness numbers on the j-axis. 


From this diagram it is noted that the varial.les describe an ellipse (covoi imr 
most ol the plots except a few which lie outside)— a cdosed curve— with coordi 
nates of the centre as 0 82, 0 59, semi-inajor axis « 0 ;>G senii-„ii„or axis, b 0 Ui' 

Jif ° inclined at an angle of 7o'’ with respect to x-axis.' 

Froni these, the equation of the curve works out as 


where 

and 


Xa _ 

(0-36)2 (O-raJa" 

X = (x - 0-81) cos 75° -{y~ 0-60) sin 75° 
Y = (x — 0-81) sin 75“ — (y ~ 0-60) cos 75“ 


* 1 , This equation is characteristic of the spliericitv— roundness distrihnfin,, 
these sediments. The curve also indirMO-s Vlro i, 7 . . distribution of 

scattered and comparatively the snhericitv n'mnl ' 

comoact. The lenwriinf tt,7 • **”1"^*' c ol the sediments arc niorc 

minor axis The rnnH-ii ft ip^jor nxis of the ellipse is doable the length of the 

^or sphericity is 0-70-0 90 and for roundness 0-40 
0 75. Maximum grams are covered in the area enclosed by the moS clasT 
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A comparison of Table 11 and V, yields some interesting conclusion— 

(i) the roundness numbers have comparatively wider range of values 

than the sphericity numbers, 

(ii) ihe values for mean sphericity are higher than the corresponding 
values of mean roundness, 

(fit) the samples are more uniform with respect to sphericity than with 
respect to roundness as is indicated by the deviations and the 
shaping-rounding factors, and 

(iv) samples I - III show more or less the same value for mean spheri- 
city and fairly similar values lor mean roundness. Both mean 
sphericity and mean roundness increase gradually upto +52 mesh 
(B. S. S.), represented by sample III. There is a conspicuous fall 
in the values for mean sphericity and rise in the values for mean 
roundness in the group of samples IV-VIII, but there is no regular 
pattern in the fall or rise in values. Taking the weight percentage 
it would appear that the fractions above 52 mesh (B. S. S.) form the 
main load and those below, constitute the secondary load of a 
river system. Thus the sediments are bimodal. This conclusion is 
further supported by some other factors of study such as mechanical 
analysis and the ratio of length and breadth of quartz grains. 


Summary 

Sphericity and roundness of quartz grains of Green sandstones of fresh 
water Lameta series (of Cretaceous age), Ghhui Hills, Jabalpur (M. P.) have been 
determined. The average sphericity numbers for fractions coarser than 52 mesh 
(B. S. S.) vary between O'Sl and 82 and in the finer fractions it ranges from 076 to 
0-78. Similarly the roundness values in the former groups of sediments range upto 
0-69 whereas in the case of latter, it is found to be as high as 0-92. Coefficient of 
variation and the mean roundness have been plotted against the size. The graphs 
show sympathetic relations upto 0-295 mm and thereafter they cut each other at 
some places. This shows some complexity. Bimodal distributions is suggested 
for the sediments. An attempt to investigate a relation between sphericity and 
roundness has also been made. 
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Introduction 

Members of the family Erythroxylaccae have not received miicli atieution 
from the point of view of floral anatomy. Recently Narayana (1960), studied the 
floral anatomy of three species of Erytimxylum. The present paper is on the lioral 
morphology of Aneulophus africanus Beiith., JVectarapclalum kaessnen Engl., litythruxy- 
lum nooogralanense {Morris) Hieron., E. lance urn Bo j or, E. pulchrum A. Si. Ihl. aiid 
E. suberosum A. St. Hil. ’ ‘ 


Materials and Methods 

The fixed materials of Erythroxylum rmogratanense and H. lancnun were .siipDlicH 
by Dr. Anwari Uilrny. The rest of the .‘•pecies were studied fium luTlnriiun 
materials. Flowers and flower buds of E. suberosum nnd'E. pidc.hrum were supi)liea bv 
the Director, Botanical Gardens, Rio de, Janeiro aiul 4urv,uir;l and 

Aneulophus africanus vrovt ohuintd hom the Director, Royal Bot.inieal Gardens 
Kew ; part of the material of the former taxon was supplieii by Dr. liern.ir'd Verd 
Court. Customary methods of processing, sectioning and staining weia- |■ollow(•d 
The herbarium materials were processed according to'tlie procedure de.serilietl (A,: 
(Narayana, 1964). 

Flower 


The flower IS pedicel ate, peutainerous (e.xcept in the gynoeeiui,.) nema- 
cyclic, regular, bisexual and hypogynous (Fig.s. I, 12, 21, 2!), 3 l-il:., ;P) YoV ' ,‘A 
Thcca yxm the various species of /4r7//ir«xX«w is giunosei.alous (Fi-s 31 ■D 'tr,; 
and polysepalous in the rest (Figs. 1, 5, 12, 20). The polypi-talous eorollVs low 
imbricate aestivation Figs. 21, 42, 43). The petals in Erythroxylum s "ie .?r 
leafy appendaps on the inner side (Fig. 42) a.ul in .Neotaropelalum Air, ,,r' rVmds 
are found at their base. The androcciiuo cornistintr of ten u bhuuls 

nhous at the base /"Ficrc: A 91 ‘'Pi ^ ^ ^ i nu ns i,s luonackd* 

{Tit 

hJ) and one in Nectarupetalum kaessneri (Fins. 21 23) lii the v ,,i,, 1 

Erythroxylum two of carpels are sterileku^d their Soul iuM^^ f 

42) the fertile carpel bears a solitary pendulous ovule (his tea’ 

j2), Ivi L* suberosum some of the flowers showed a tetr-imr 

40,41). Ihe loculi m A uuloph us africanus Erythfox)lum ^)vvivl*\vv linfVP* 

an epidermal layer ol thin walled, langeruially eloumin-d ti lls w'.rb 
nuclei and vacuolate cytoplasm (Figs. 10, 37, 30) ^The sts le i 

(Fig,. .2, 28/ The 
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Floral Anatomy 

The pedicel^ shows a ring of vascular bundles in Aneulophus africanus and 
Erythfoncylum species (Figs. 2, 30) and a compact siphonostele in Piettaropetalum 
kaessneri (Fig. 13). A prominent band of sclererichyma, in the form of a sheath 
surrounds the stele in the last taxon (Fig. 13). The conjoint sepal laterals and 
sepal midribs arise in two closely alternating whorls (Figs. 3-5, 14, 15, 31, 34, 35). 
In JSTectaropetalum kaessneri, ns the sepal traces leave the stele, the band of scleren- 
chyma around the main stele, becomes broken into a number of groups and 
these gradually enter the sepals along with the traces (Figs. 14-20). The petal 
traces arise independently from the main stele (Figs. 5, 32). However, in 
Mectaropetalum and Erythroxylum lanceum they are conjoint with the traces for the 
stamens opposite to them (Figs. 16-19, 34, 35). The traces supplying the petals 
divide and the inner branches enter the leafy appendages borne on the inner side 
of the petals in Erythroxylum species (Fig. 42). The traces for the ten stamens arise 
in one whorl in Aneulophus africanus and Erythroxylum species (Figs. 6, 33). In 
piectaropetalum kaessneri nnd Erythroxylum lanceum however, the antepetalous staminal 
traces, conjoint with the petal midribs, are demarcated a little earlier than the 
antesepalous staminal traces, thus making the androecium obdiplostemonous 
(Figs. 16-19, 34, 35). 

Since the vascular anatomy of the ovary in the three genera differs, they 
are described separately. 

Aneulophus africanus : After the staminal traces are demarcated, the main 
stele forms three groups ; each group consists of an outer and two inner bundles 
(Fig. 7). The outer bundles function as the dorsal carpellary traces and the inner 
three pairs of bundles become the vcntrals (Figs. 7-10). The dorsal carpellary 
traces at a higher 1 vcl give rise to lateral branches which swing side ways and 
the branches of adjacent carpels come to lie at the base of each septum (Figs. 8-10). 
The dorsal carpellary traces as well as their branches fade away towards the top 
of the ovary. 1 he ventrals of adjacent carpels form pairs and lie on the septal 
radii (Figs. 8-10). After the ovular supply is given off, the ventrals extend into 
the styles (Fig. 11) and fade away below the stigmas. 

Mectaropetalum kaessneri : The main stele, after the staminal supply, is in the 
form of a closed ring (Fig. 19). Two dorsal carpellary traces arise from this stele 
(Fig. 20) followed by two pairs of median laterals. The remaining portion of 
the stele forms a pair of common ventrals, which lie at the base of the septum 
(Figs. 21-23). These produce branches, which supply the ovary wall along with 
the other traces (Fig. 22). The ventrals which are situated at the base of the 
septum to start with, gradually move towards the centre and divide to form a 
number of bundles arranged in the form of a ring (Figs. 22- 25). The traces for the 
ovules are organized from the bundles lying along the radius of the dorsal carpel-* 
lary traces (Fig. 25). After supplying the ovules, the vascular tissue gradually 
fades away. At this region the septum recedes slightly making the ovary one 
chambered (Fig. 26). At a higher level the septa meet again, fuse with each 
other and extend towards the dorsal region, where they finally fuse with the 
ovary wall. 1 hus, at this level the ovary presents a four chambered condition 
(Fig. 27). While all the other traces supplying the ovary fade towards the top of 
the ovary, the dorsal carpellary traces alone traverse the common style and 
ultimately reach the base of the stigmatic lobes (Figs» 12, 28), The central stylar 
canal is lined by a transmitting tissue (Fig, 28), 
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EXPLANATIONS TO FIGtTRES 

Figs. (1—11). Aneulophus africanus. (1) L. S. of flower (Lower part : K— Calyx ; G— Corolla ; A— Andro. 
ecium ; G— Gynoeciura). (2—11) Serial transverse sections of flower. For explanation see text. 

Figs. a2— 28). JVectaropetalumkaessncru (12) L S. of flower. (K— Calyx ; C -Corolla ; A — And roecinm; 
G— Gynoecium). (13—28) Serial transverse sections of flower btul. For cxi)laiuuion see text. 

Figs. (29, 34, 35, and 43). Erythroxylum lanccum. (29) L. S. Flower (K— Calyx ; (!- Clorolla ; A~Androc- 
cium ; G— Gynoecium). (34, 35) T. S. flower bud showing the origin of [)cla!— stamen traces. (43) 
T. S. flower bud showing the petals, stamens and styles. 

Figs. (30— 33, 36—39). Erythroxylum novogrataneme. Serial transverse sections of tlic flower bud. For 
explanations see text. 

Figs. (40 and 41). E. suberosum. Transverse Sections of the ovary showing tixe fotir carpcllcd condition. 
Note the single fertile carpel, the formation of the plexes and origin of ovular traces. 

Fig. (42) E, pulchrum, T. S. flower bud showing petals with leaf appendagesion the inside, the free 
filaments of the stamens and the Gynoecium at the level of orgin ol' ovular traces, 

ABBREVIATIONS 

SI.— Common sepal laterals ; Sm.— Sepal midrib ; Pt, —Petal trace ; St.— Staminal trace : Ft. + St.- 
Common petal— Stamen trace.; St, T. — Staminal tube; Det,— Dorsal carpcllary trace; V.— Ventral 
carpellary trace ; Gv. — Common ventrals ; Ovt. — Ovular trace ; PL* — Plexus. 










Srythroxylum i The mala stele after the organizatioa of the stamiuai trades 
assumes a triangular or circular outline and soon splits into three groups (Fi^ 
36) ; of these, the group that is removed from the other two supplies the fertik 
carpel (Fig, 36). The other two groups constitute the supply for the sterile carpels 
(Fig. 36). Among the bundles in each group those distributed towards the peri- 
phery behave as the dorsal carpellary traces and the two pairs of bundles situated 
towards the centre constitute the ventral traces (Fig. 36). The remaining bundles 
divide and supply the ovary wall. Of the two pairs of ventrals, those lying on 
either side of the fertile carpel are distinct ; they represent the common ventrals 
formed by the fusion of the half ventrals of the ferttile carpel with one of the half 
ventrals of the adjacent sterile carpels (Figs. 37,40). The other two traces in this 
region are the half ventrals of the sterile carpels and are smaller than the common 
ventrals (Figs. 37, 40). Thus, it is interesting to note that though the two of the 
carpels are sterile, their vascular supply is still persisting. Another noteworthy 
feature is the organization of two prominent plexes formed by the fusion of the 
ventrals of all the three carpels (Figs. 38, 39, 41, 42). Some of the bundles supply- 
ing the ovary wall, also get merged with the traces of the plexes. Two prominent 
traces, one from each plexus, supply the solitary ovule (Figs. 39, 41), Thus the 
single ovule in Erylhroxylmn appears to receive the vascular supply of the sterile 
carpels and also the supply for the second suppressed ovule of the fertile carpel. 

The style is traversed by the dorsal carpellary traces, which gradually fade away 

in the stigmatic region (Fig. 29). 

Discussion 

A study of the floral anatomy of the Erythroxylaceae reveals that the basic 
plan of the flower is pentamerous and pentacyclic. The three traced sepals are 
valvate and are basaliy connate in Erythroxy lum. The imbricate petals are single 
traced. Adnation between petal midribs and antepetalous staminal traces is seen 
only in Nectar opetahm kaessneri and Erythroxylum lanceum. Vascularized leafy 
appendages are formed on the inside of the petals in Erythroxylum species, while 
in Nectaropetalum kaessneri glands occur at the base of the petals. ’ 

Obdiplostemony, noticed in Nectaropetalum kaessneri and Erythroxylum lanceum 
occurs in Erythroxylum coca and jE. mooni (Narayana, 1960). How.ever, there is no 
adnation between the antepetalous staminal traces and petal midribs in JE. mooni 
(Narayana, I960). 

The placentation in africanus and Nectaropetalum kaessneri h zxilt 

and parietal in Erythroxylum species. 

The vascular supply to -the gynoecium varies in the three genera studied. 
The genus Nectaropetalum differs from the other two genera in having a bicarpel- 
lary, bilocular ovary with one ovule in each loculus. The mode of origin of the 
ovular traces differs from the other two genera. 

Afieulophus africanus and Erythroxylum seem to be close, although the latter 
shows certain distinctive features in the structure of the gynoecium. The basic 
plan of the ovary in both genera appears to be the same. I he altered picture in 
the vascular anatomy of the ovaiy in Erythroxylum is due to loss of fertility of two 
carpels out of the three ; further, there is the suppression of one of the ovules in 
the surviving carpel. The genus Erythroxylum appears to be distinct in having 
petals with leafy appendages and a tricarpellary ovary with one fertile carpel 
which is uniovuiate ; this ovule receives traces from the two plexes formed by the 
fusion of the ventrals of both sterile and fertile carpels and also some of the 
bundles supplying the ovary wall. 
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iVhiie the similarities in the floral morpholotty of these three genera iruilcatc 
a relationship, the striking differences noticed in the vascular plan of their ovaries 
are noteworthy. 


Summary 

The floral morphology of Aneulophus nfneanas, Netiaropdalum kafxsnen, Ery- 
throxylum novogrataname, E. lanceum, E. pulchrum and E. subcfisnm are described in a 
comparative manner. 

The sepals are three traced and valvate. 1 he petals ar<^ single traced and 
bear leafy appendages on the inside in Erphroxylum ; in kaessnen 

glands are present at the base of the petals. There is adnation between petal mid- 
ribs and antepetalous staminal traces in this Uixon und E, lanceum. The stamens 
form a short tube at the base and are obdiplostcrnonous in J^eciarupetalum kaessmri 
and£. lanceum. The ovary is bicarpellary, biiocnlar with one ovule in each locu- 
lus in Nectaropetalmn kaessneri, tricarpellary triclocular with tWH) ovules in each 
loculus in Aneulophus africanus, and tricarpellary with ouc!: hutiie carpel bearing a 
solitary ovule in P^rylhroxylum $pccioB. The ovule in Efyihtoxjlum s|ieeies receives 
traces from the two plexes formed by the ftisiou of the veutrals atul also some ol 
the bundles supplying the ovary wall. 
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Rajasthan presents floristically an interesting assemblage of species. Its 
vegetation is directly influenced by climate, soil and biotic factors. The Aravallis 
divides this state into two distinct climatic zones, viz., West oi Aravallis and East 
of Aravallis, and even so these two zones differ considerably from the view point 
of vegetation. 

On the North-west, the area is mostly sandy desert dominated by African, 
Persian and Arabian elements and on the East of Aravallis, the vegetation is of 
dry tropical deciduous type having Central Indian affinities while the Aravallis 
itsell supports a flora of Indo-Malayan and tropical elements. 

Since King (1879), lot of v;oik has been done on the flora, ecology etc. of 
this state by various workers viz.. Macadam (1890), Blatter and Hallberg (1918- 
21), Sarup (1951, 52, 54, 57-58), iNair et al (1956, 57, 59, 6 i), Raizada (1954,61), 
Jain (1960, 62, 63), Bhandari (1962, 64), Rao and Kanodia (1962-63), Sharma 
(1958), Biswas and Rao (1953), jjoshi (1956, 57 and 58), Sankhala (1951), Ramdeo 
(196 d), Vyas (1962, 64), and of late Puri et al (1964) has published the Flora of 
Rajasthan, which includes areas l)ing west of Aravallis. 

A thorough and critical study of literature reveals that though much work 
has been done t n the flora of Western and Northern sectors of Rajasthan state the 
Southern and EavStern sectors have been almost neglected except one or two papers 
by Vyas a/ (1964) and Ramdeo (1965). These areas are perhaps the richest 
regions of the state as far as floral composition is concerned. Keeping in view 
this fact, botanical Survey of India, Central Circle after coming into existence in 
1962, started exploration-cum-plant collection work in these regions. 

Out of the six exploration tours in these parts made during August, 1962 to 
March, 1965, approximately 650 species were collected and alter careful identifi- 
cation and thorough search of lite'rature 42 species have come out as new records 
for the state which are hitherto not reported so far. 

These species are enumerated in this paper with field data on habit, habitat, 
phenology and some morphological characters together with field nos, and exact 
locality. 

The reference of Flora of British India by Hooker et al (1872-97) has been given 
to each species except in grasses where Bor (1960) has been referred because of 
recent and comprehensive work on Gramineae and for these references following 
abbreviations are used in the text : 

FBI ; Flora of British India. 

Mon. Grasses : The Grasses of Burma, Ceylon, India and Pakistan, 

Ihe specimens cited in this paper have been collected by the senior author 
and deposited in the Herbarium of Central Circle, Botanical Survey of India, 
Allahabad. 


^Present addr ess i Botanical Survey of India, Shillong. 
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caffaeibaceae 


cieome moBOpIiyll^ Linn. ; I'Bf 1 • IG8» 

Annual herb upto 50 cm. high. Leaves simple. Flowtns dulhpurph^ Bracts 
petiolate. Capsule uplo 8 cm, long. Fairly abundant. Shahaljatl : Kundakhoh, 
804. Flowers and fruits— August. 

VIOLACEAE 

Hybanthiis enneaspermus (Linn.) F. V. Mucll. in Fragni. 10 : 81, 1877. lonidium 
suffructicosum Ging. ; FBI 1 : 185. 

Perennial herb upto 20 cm. high. Flowers bluish. Ca|)su)c globose. Fairly 
abundant, bhahabad ; Kundakhoh, 808. Flowers and fruits— August. 

POLYGALACEAE 

Polygala cliinensls Linn, ; FBI 1 : 204. 

Annual herb upto 20 cm. high. Flowers yellow, in short capitate racemes, 
wings herbaceous. Fairly abundant along roadside and in moist |)laces, Shaln 
abad, 663, 765 ; Chittorgarh : Bansi, 1745 ; Buudi, 1866, Flowers and fruits— 
August-Decernber. 

Folygala elongata Klein ; FBI 1 : 203. 

Annual herb upto 20 cm. Flowers yellow, in long racemes. Rare, along 
streams. Shahabad : Kapilclhara, 781. Flowers and fruits— August. 

GEEANIACEAE 

Biophytum sensitivum DC. ; FBI 1 : 436. 

An^nual heib upto 15 cm. high. Leaves crowded into a rosette at (op of 
stem, hloweis yellow, hairly abundant in wasttdands and along ioiest. Clhiilor- 
garh, 1615. Flowers— -December. 


RHAMNACEAE 


Zizyphus oenoplia Mill. ; FBI 1 : 634, 

A straggling shrub upto 3 m, high, 
hairy beneath. Flowers greenish. Fairly 
Flowers — ugust. 


Leaves obliquely ovate- lanceolate, silky 
abundant. Sbahal)ad : Furaniya, 748. 


^ ivi r Jb I A iJii, A E 

Cissus adnata Roxb, FI. Ind. 1 : 405, 1820. VitU adnata Wall. ; I'Bl 1 : 049. 

g. . ^ simple, clothed with o-.-uiur-rcd puhe.^cencc. 

• Fruits reddish. Fairly abundant. Pratapgarh : Rariipuriya, 200. Fi iui.s— .Opiil. 

LEGUMINOSAE 

Atylosia scarabaeoides Benth. ; FBI 2 : 215 

pubescent, deep% nerv^'.'^^h’od ' hahy'^’'5-^G^^^^^ Inttibohuc, ex.stipullate, 

seeds. Fairly abundant. Banswara 245 and 251 <<) ^ bciwecu the 

Ghiuorgaih.^641. Flowers and imits-Augu^^p = ‘-u.uiakhoh, 811 ; 
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Desmodium latlfoltmn DC. ; FBI 2 : 168. 

A scandent shrub upto 1 m,, in mixed forests ; stem fulvous hairy. Leaflet 
singlcj ovate, scabrous. Flowers deep viotet, in long racemes. Fairly abundant, 
Shahabad, 616. Flowers — August, 

Miilettia aiiriculata Baker ; FBI 2 ; 108. 

A liana in mixed forests. Leaflets obovate. Pods in racemes, flattened 
thickly sutured, covered with light chocolate coloured tomentum. Fairly abund- 
ant. Shahabad *. KLundakhoh, 800. Fruits — August. 

Moghania aana (Roxb.) Mukerjee, in Bull. bot. Soc. Beng. 6 : 20. 1952. FUminvin 
congesta Roxb. var. nana Baker ; FBI 2 ; 229. . • ^ ^rningta 

A perennial branched herb upto 10 cm. Flowers attractive, oink-blue 
Fairly abundant in mixed forests in rock crevices. Chittorgarh : Deogarh 25o’ 
Flowers— April. ^ 

Teramnus labialis (Linn.) Spreng. ; FBI 2 : 184. 

A spreading climber. Leaves trifoliolate, membranous, slightly hairy below 
Pods flat, sligliily incurved, hooked with a short beak. Fairly abundant on 
hedges. Banswara, 247. Flowers and fruits — April. 

Uraria picta Desv. ; FBI 2 : 155. 

A perennial herb, covered with stiff hairs. Flowers blue violet or purple 
in cylindrical racemes upto 30 cm. long. Rare, along roadside in the shaJe! 
Shahabad' Ivisliauganj, 702 , KLishanganJ Forests nursery, 704. Flowers and fruits 
— August. 

COMBRETACEAE 

Gombretum ovalifolium Roxb. ; FBI 2 : 458. 

A climbing shrub. Fruits nearly globose with four membranous reddish 
wings. Fairly abundant in Teak forests. Banswara, 222. Fruits -April. 

LYTHRACEAE 

Rotala rotundifolia Koehne, in Bot. Jarhb. 1 : 177, 1880, Ammannia rotundifolin 
Ham. ; Ffll 2 : 566, roiunaijoiia 

An annual green herb turning pinkish on maturity, rooting at lower nodes 
Leaves broadly ovate-orbicular. Flowers in congested spikes. Abundant in 
moist ditches and dried up riverbed. Jhalawar ; Kalisind river, 3382 3384 

Flowers and fruits — April, ’ 

Rotala tenuis (Wight) Koehne, in Bot. Jarhb. I : 177, 1880. Ammannia tenuis G R 
Clarke ; FBI 2 : 567. • 

Annual slender erect to slightly creeping pinkish green herb. Leaves elliotic 
ovate, opposite. Flowers in dense terminal spikes. Abundant in mud and rock 
crevices along rivers and streams. Chittorgarh : Urai Dam site, 1675 • Thala^r^.,. . 
Kalisind river bank, 3390. Flowers and fruits— Decembcr-April. ’ 

FICOIDEAE 

Mollugo pentaphylla Linn., Sp. PI. 89, 1753. M. stricta Linn. ; FBI 2 : 663. 

Annual herb upto 20 cm. high. Leaves whorled, narrowed at base. Flowers 
pinkish-green, in compound cymes. Capsule globose ; seeds dark reddi'sh'brgwn 
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tubercled. Faiily abundant cn black cotton soil Kishanganj : Kanya Dcli, 719« 
Flowers and fruits— August. 

EBENACEAE 

Diospyros cordIfoHa Roxb. ; Cor. PI t. 50. /). moniana Roxb. var. cardifoUa C. B, 
Clarke ; FBI 3 : 555. 

Tree upto 6 in. ; bark blackish. Leaves oblong-lanccidatr, |)u!)es(:cat. Fruits 
orange-yellow, becoming black on drying. Fairly al)undant. Clutiorgarh : Senwa, 
1622. Fruits— December. 

Diospyros montana Roxb. ; FBI 3 : 555. 

Tree upto 6 m. high. Leaves ovate-elliptic. Fruits globose, distorted, 
blackish-brown. Abundant in Angeissus pedula forests, on lower slopes. Udaipur : 
Banki, 33. Fruits— April. 

ASCEEPIABACEAE 

Marsdeoia tenacissima W. and A. ; FBI 4 : 35. 

A densely brown tomenlose climber on roadside trees. Leaves broadly ovate 
deply cordate, tornentose. Iloweis yellowish-white, in nmeh branched eoryinl)ose 
cymes. Rare. Shaliabad-Kishanganj near 12th .Krn, stone, (>71. IdoweiS'—August. 

SCRO FHUL ARIAC5EAE 

Lindernia ciliata (Colsm.) Pennell in J. Ain. Ail). 24 : 253, 1!)43. lionnayti 
• brachiata Link, and Otio, ; I'BI 4 : 284. 

Annual herb upto 10 cm. Leaves serrate. Flowers pink, in l»x (crrnirral 
raceme. Capsule much longer than calyx. Fairly abundant on black cotton soil 
Kishanganj ; Kanya Deh, 710. Flowers and fruits— August. 

LENTIBULARIACEAE 

Utricularia exoleta R. Br. ; FBI 4 : 329. 

Aquatic herb with submergad muliifid leaves. Flowers yellow, 1-2, on 
slender emerged peduncle. Abundant in pond near Rest House, Banswara, 214. 
f lowers and fruits— April * 


LABIATAE 

Acrocephalus indicws (Burm.) O. Ktze., in Rev. Oen. PI, 5 11, 1891. A capilatus 
Benth;FBl4:611. ‘ 

Annual herb upto 20 cm. high. Flowers in dense tenuiual ovoid heads with 
a pair of floral leaves and imbricate bracts. Fairly abuudatu in ruck crevices. 
Sawaimadhopur : Bondal, 1917. Flowers— December. 

Hyptis suaveoltns (Linn.) Poit. ; FBI 4 : 630. 

A hairy undershrub. Leaves broadly ovate siuuatoserrulate. Flowers 
blue-violet ; cahx sub'cqual 5 lobed. Abundant on wasu laud neai Rawat Uhata 
Dam, Chandrapura, 1843. Flowers— December. 


Ortliosipbon pallidus Royle ; FBI 4 : C13. 

A perennial herb ; branches upio 20 ctn. high from a 
Leaves long petioled, toothed. Flowers wliito with brown stieu 
ant, Shahabad, 622 ; Kota Naka, 409, 472. Flowers— August 


woody root-stock, 
ks. Fairly abuncl- 
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moSCOREACEAE 

Dioscorea hispida Dennst., in Schluss. Hort. Malab. 15, 1818. D. daemona Roxb. ; 

. FBI 6: 289. 

A climber. Capsule honey coloured, imbricate becoming glabrous and pen- 
dulous on maturity, the wings about 5 cm. by 1 cm., sometimes their margin 
freed in dehiscence and look like a fine wire. Fairly abundant. Udaipur : Parshad, 
121. Fruits— April (late stage). 

PONTEDERIACEAE 

Monochoria liastata (L.) Solms., in A.DG. Mon. Phan. 4 : 523, 1883, M, hastae- 
folia Presl. ; FBI 4 : 362. 

Perennial aquatic plant. Mature leaves triangular ovate, hastate. Flowers 
blue, contorted anticlockwise ; anthers yellow. Fairly abundant near Sitakund, 
Shahabad-Kishanganj, 689. Flowers — August. 

NAIADACEAE 

Zannichellia palustris Linn. s'pp. pedicellata V^ahlenhcrg and Rosen. ; FBI 6: 

568 . 

Submerged slender perennial herb with copiously branched leafy stem. 
Drupelets usually four, compressed, slightly curved with long tip, toothed along 
margins, Abundant. Jhalawar ; Jhanganbara stream, 3379. Fruits— April. 

GRAMINEAE 

Alloteropsis cimicina (Linn.) Stapf. ; Mon. Grasses : 276. 

Annual slender grass, hairy all over, upto 20 cm. high- Spikelets awned, 
reddish on margins, arranged in one sided spikes. Fairly abundant along road- 
side. Shahabad : Kota Naka, 451. Flowers— August. 

Chrysopogon fulvus (Spreng.) Ghiov. ; Mon. Grasses : 116. 

Perennial tufted grass upto 1-5 m. high. Spikelets with chocolate coloured 
awns • pedicels shorter than half the length of the sessile spikelets ; hairs on the 
s^kelets golden -yellow. Abundant among rocks. Ghittorgarh : Senwa forest, 
1617. Flowers-December. 

Eriochloa procera (Rttz.) G. E. Hubb. ; Mon. Grasses ; 312. 

Perennial grass upto -75 m. high, on black loamy soil. Spikelets pointed, 
silvery hairy, axis glabrous. Fairly abundant. Kishaiiganj, 744. Flowers- 
August. 

H^OTiarthria protensa Steud. ; Mon. Grasses : 161. 

Perennial grass, colonising in patches along river bank. Spikelets in cylin- 
drical spikes ; upper glume long tailed. Abundant. Bundi : Mangli river bank, 
1867. Flowers-December. 

jpanicum austroasiaticum Ohwi ; Mon. Grasses ; 324. 

Annual grass upto 20 cm. high. Spikelets whitish, about 1-4 mm in 
panicles ; seeds blackish. Abundant in open fields. Kishanganj : Kapildhara, 77§* 
Flowers — August. 
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PaMlcum atrosangiiiueiim Hochst. ex A, Rich. ; Mon. Grasses : 323. 

Annual diffused grass, covered with long hairs. 8pike!<ns green when young, 
turning purple-violet on matuiity. Abundant along roadsides Sbahabad : Kota 
Naka, 428, 429, 436. 

Panicuin repeus Linn. ; Mon. Grasses : 230. 

Perennial grass with a pointed rhizome. Lead blades involute^ gUiucouS'* 
Lower glume almost ciip-shapcd. l^airly abiuidant in wastc'lands. Shahabad. 
Kishanganj, 688. Chittorgarh : Bansi, 1771. Flowers Augusi^Decernber. 


Faspalidmm flividum (Retz.) A. Camus ; Mon. Grasses : 333. 

Annual decumbent, stem upto 1 rn. long. Spikehts ovate orbicular, spil^es 
shorter than the internodes, lachis protruded. Shahabad : Kota Naka, 449, 455 ; 
Kishanganj, 670. Flowers-August. 

Phragmites karka (Retz.) Trin. ex Stcud. ; Mon, Grasses ; 416. 


Perennial upto 2*5 m. high, bearded at the bases of lower panicle branches. 
Panicle large, leathery ; lower lemma upto 11 mm. lorg. Abundant along banks. 
Udaipur : Jaismand lake, 85. Flowers— April. 

Polypogon monspeliensis (Linn.) Desf. ; Mon. Grasses : 403. 

Annual upto 15 cm. high. Panicles dense, greenisl^whiu; on mattirity ; 
^^wned. Fairly abundant in moist habitat. Udaipur, 1 ; Jaisuuaui, 
79. r lowers — April. 

i^porobolus indicus auett. non Linn, R.Br. ; Mon. Grasses : 631. 

Perennial grass, swollen and slightly pubesci nl at base. Panicle reddish- 
Jnicnuptcd. Faitly iibuudaut on bhuk clayey soil, 
ohahabad, 442 ; Chittorgarh ; Bansi, 1717. Flowers-August-Dccembcr. 

Setaria italica (Linn.) P. Beauv. ; Mon. Grasses : 362. 

upto 15 cm. Bristles on spikes autrosely barbed, spikclets per- 
sistent. Fairly abundant on deep black loamy soil, Kishanganj, 742. Flowcrii— 


Themeda laxa (Anderss.) A. Camus ; Mon. Grasses : 23L 

Perennial grass upto P25 m. high. Spikelets awmed, in very loose leafy 
panicle. along cultivated fields and mixed forests. Kishangani ; 

Puraniya, 706, 754. Flowers— August. ^ 

Themeda triandra Forsk. ; Mon. Grasses : 254. 

Perennial grass upto 1*5 m. high. Spikelets in panicles of loosely arranged 
congested heads. Abundant in wastelands and along forests. Chittorgarh : Semab 
pura, 1637, 1652 ; Bansi, 1729. Flowers-Deccmber 

Summary 

In this paper, 42 species are recorded for the fust time from Rajastluui and 
are additions to the flora of this state. These have been collected mainly from 
the bouth and fastern regions. The important morpliological characters alonir 
With notes on habic, habitat, field nos, and place of collection etc. have also been 
given against each species. 
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STUDIES ON THE EFFECTS OF CARBON AND NITROGEN ON 
MACRO-CONIDIAL, MICRO-CONIDIAL AND CHLAMYDOSPORE 
PRODUCTION IN PUSARIUM UDUM BUTLER 

By 

MAHENDRA PRASAD and S. K. CHOUDHARY 
Department of Botany^ Ranc^hi University^ Ranchi 

Introduction 

Vascular wilt of pigeon pea {Cajams cajan (Linn.) Millsp.) commonlv known 
as Arhar wilt in northern India is of widespread occurrence. This soil-borne 
disease causes considerable loss to the standing crop in Chotanagpur, Bihar. The 
fungus was first identified by Butler in 1910 in India. 

Srinivasa Pai(1953) working with Fusariamvasinfectum and Fusarium monilifoTme 
cultures studied the effect of carbon, nitrogen and hydrogen-ion concentrations on 
the two fungi. He mainly worked out the dry weight of" mycelia as effected by 
different nitrogen sources such as (NHj)^ SO^, KNO3 urea and peptone. Both 
Fusaria however showed marked difference in their utilization of nitrogen and 
sugar. Source of nitrogen also effected the percentage amount of nitro^^en in 
the fungal mat varying greatly in the two fungi. Wilson (1960) studied the 
growth and sporulation of an isol&ta o( Fusarium oxysfiorum f. cubense (E. F. Sm.) 
Snyd. Hans under different car ion and nitrogen concentrations. S. Su'bram- 
anian (1961) worked on the growth of F. udum when subjected to twenty two 
diflferent carbon sources and found that glycerol served best for fungal growth 
and lactic acid for sporulation. 

The present investigations were made to study the effects of carbon and 
nitrogen separately as well as conjointly on the culture of F. udum Butler. Quanti- 
tative estimation of the three spore forms namely macro-conidia, micro-wnidia 
and chlamydospores in culture has been undertaken for the first time. 

Materials aud Methods 
A. Materials used — 

The pathogen, F. udum Butler was isolated from diseased pigeon pea plants 
of Ranchi. Isolation was made on PDA, the pH of the medium being adjusted 
to 6-0. The identity of the isolate was established with the help of pathogenicity 
tests carried out in our laboratory. The technique applied for the preparation 
of media, sterilisation and niaintenance of the culture was in accordance with 
that of Rawlins (1933). Dark-pink colonies appeared on the PDA medium within 
7 to 10 days at an incubation of 26-30'’G. The thickness of the mycelium is l-5/i 
to 4 m. The diameter of the chlamydospore being 4-10/i. They are formed iijter- 
calarily as round thick-walled bodies (Fig. 1). Macro-conidia are long incurved 
and are pointed at the ends, being 6-7 septate (Fig. 2), measuring between 15 
to 19 m X 3 to 5 m. Micro-conidia are two septate, smaller in size measuring 
5 to 9m X 2 to 4m. ° 

The basal culture medium contained the following ingredients as recom- 

mended by Wilson (I960) alongwith the var>ing carbon and nitrogen content : 

MgS04 7HaO ... 2-22 gm 

KHaPO^. ... 3'46 gm 

KaHPO^ ... lT05gm 
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to the above ingredients in seven separ ate 1 T, ilaslcs wciaj added seven 
nf rirl nn-variaiils. Sucro.-e served as source of Cai I)on. '1 he seven carbon- 
variants contained O'OO gm/L, ()-104 gtn/L, 0'212 gm/b. ()'42() gni/L, D-HdO gm/L, 
1-680 gm/L and 3-368 gm/L of sucrose respectively. (NI I,,)iNC>,» servet as source 
of nitrogen. Six different concentrations ot nil roi^eii source Wcu't: to each 

of the seven carbon-variants (rahlc 1). (NflaijNCLt -Hided were ol the lo lowing 
strengths namely O'OO gm/L, 0-()077 gm/1-, 0-0134 giu/I-, 0 HaO gtn/L, ()-.)()l gra/L 
and 0-122 gm/L. All told 42 diirerent media ol varying cat iKiu-nitrugeu concen- 
trations were made. Bacto-Agar (2%) was added as solidifying agent. 'I hc cliemi- 
cals used were from B. D. H. The medium was then tteriliscil at. 1.) lbs. pressurc- 
for 15 minutes. Transfers were then made from stock-culture to each of the 
variant. For each of them five replicates were incubated at 2()-28'"C for 3-4 
weeks. 

B. Counting and calculation of dill'erent spore forms and dry weight 
estimations — 


In sterile distilled water 10 cc of the spore suspension was made* A drop 
of the spore suspension was then transferred to a hatunocytonicl rr slide of Fine 
Optik, Jena, Germany make and of known depth ((kOl cm). A tlelinUe area of 
0’000256 sq. ern secured in a special (tye-picce of Leit'/ Wctzlar make served as 
the microscopic field. This area mullijilicd by tlie deptli of the Iiacmoeyteuneter 
slide gave the volume of the spore suspension being OdlDOOblhib cc l)l)025(> sq. 
cmXO‘01 cm). 100 microscopic fields for each of the five re-plioat(%s wau'c counted 
and the mean value of tlie different spore forms per microscopic field estimated 
separately* This mean value when nml(i|>U(Hl with the calculated convci>- 
sion factor gave the amount of dillcrcul asexual bodies in 10 cc of the spore 
suspension. 


Dry weight estimations on Wliatmau Filter paper No. 4 1 was done accord- 
ing to the method of Pinck and Allison (1944) and Srinivasa Pai ( 1993). 


Experimental Results and Discussion 


First series : In the first scries only seven carI)on v;iriants alongwitli the 
other basal ingredients was introduced. No nitrogim source was added. The 
amount of macro-conidia, micro-con idia and chlamydospores as well as tim total 
amount of asexual bodies (in millions per 10 cc of snspension) has bcHUj plotted 
in Fig. 4 and included in Table 1. As is evident Irom Fig. 4 and M able 1 the 
amount of macro-conidia varied from 0*04 millions to ()‘r)0 millions per iO cc. 
However it showed an increase with the increase in the amount of carbon mlded.* 
The micro-coniclial population was comparatively larger varyini^ from millions 
to 4’30 millions. In contrast to tlie above two spore foims chlamydosporc 
population was much larger ranging from 0*6G millions to 19-40 millions. MI the 
more it showed a vigorous increase in the amount with tin*, increase in carl)on- 
source. To the contrary micro-conidial formation in absence of n!<U)g<-n docs not 
respond well with the increase in the amount of carl)on coutenl. it seems that 
chlamydospore formation is unaffected by the almmce oi uiiK^jp-n. I’hc total 
number of asexual bodies varied from 2-G(} to 24*20 millions \)i r 10 cc, the bulk 
of the population being contributed mainly by chlamydospores. 

Dry weight of the fungal mat varied from 0*100 gm to 0-750 gm showitig an 
increase parallel to that of the carbon source. This indicated tluit carbon is 
incorporated in the mycelium (Fig. 10, Table 2). 
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Fig. 4. The amount of spore forms (ia millions) varying with the amount 
of carbon source (Sucrose) ; Nitrogen not added. 





Fig. 5. The amount of spore forms (in millions) varying with the 
amount of carbon -source (Sucrose) ; Nitrogen source 
(NH 4 )N 03 being 0*0077 gm/L. 



Second series : In the second series in each of the seven carbon variants 
0*0077 gm/L of (NHJNOg as nitrogen source was added and the spore population 
estimated. In this case macro-conidial population ranged from 0*62 millions, to 
2*96 millions, micro-conidial from 0*40 to 35*15 milions and chlamydospores from 
0*58 to 15*62 millions. The total number of asexual bodies range between 1*60 
to 53*75 millions (Fig. 5, Table 1). On the whole with the addition of nitrogen a 
relative shift in the population density of spore forms occur as compared to the 
previous case. The added nitrogen alongwith the increase in carbon content 
appears to stimulate micro-conidial formation, at the same time suppressing 
to an extent chlamydospore formation. The macro-conidia seems to remain 
unaffected. 

Dry weight of the fungal mat also showed a corresponding increase ranging 
from 0*05 gm to 1 gm indicating that carbon was utilized by the fungal mat 
(Fig. 10, Table 2). 

Third series : In the third series similar carbon-variants were taken. The 
amount of nitrogen being 0*0154 gm/L. The macro-conidial population varying 
from 1*29 to 4*29 millions, the micro-conidial from 4*72 to 38*82 millions and 
chlamydospores from 0*50 to 13*08 millions. The total asexual bodies ranged 
between 6*52 to 56*21 millions, the major sharer being micro-conidia (Fig. 6, 
Table 1). We find that increase in the macro-conidial population is uniform. 
Increase of micro-conidial population as compared to the previous series is only 
slight. On the other hand chlamydospore population decreases. 

Dry weight of the mycelium also shows an increase from 0*05 to J*05 gm 
indicating that carbon and nitrogen both are utilized by the fungal mat (Fig. 10, 
Table 2). 



Fig. 6. The amount of spore-forms (in millions) varying with the 
amount of carbon-source (Sucrose) Nitrogen source 
(NHi)N 03 being 0*0154 gm/L. 

Fourth series : The amount of nitrogen added to the seven carbon-variants 
this twe is 0-030 gm/L. The macro-conidial population varied between l-5b 
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to 5*20 millions, 0iicro-conidi<il from 5*11 to 53'()B millions nnd cblamypospores 
from 0*43 to 11*61 millions, llu; loUti amouia ot iuscxuai !)Ocm 
69'88 millions, the maximum corning from niicro-conitha. 7, lahlc 1), lyj 

this series macro-conicliul production was larger than the prc:vions series. Micro^ 
conidial population showed a phenomcmal incjcnasc whereas there was a decrease 
in chlamydospore production, /rhis suggests tluit U*U3() gm/.L ot iritrogen favoun 
the maximum production of micro-conidia. 

Dry weight of fungal mat showed a rapid increase from 0‘55 gm to MO g n. 
This shows that both carbon and nitrogen arc incorporated in a balanced manner 
in the fungal mat (Fig. 10, Table 2). 



Fig. 7. The amoimt of spore forms (in millions) varying the 
amount of carbon-source (Sucrose) : NitroKcn source 
(NH^jNOft being 0*030 gm/L. 


Fifth series : In the fifth scries 0*061 grn/L of nitrogen source was addecL 
The macrO' conidial population varied from 1*25 to 4*25 nulUous, nucro^conidial 
from 4*53 to 40*11 millions and chlarnydosporcs from 0*74 to ll)*r)3 millions. 
The total amount of asexual bodies rangual from G*r)2 to (53*1)0 millions (Fig, 8* 
Table 1), For the first time a icndeucy towards decreased piodmuion of inicro* 
conidia v^s evident. There was a dccreast? in the macro^conidial population 
as well. On the other hand tiie chlamydospore production a-mia shot higher 
showing thereby that continual decrease from s<aies «o sanies' in the amount 
of chlamydospore is now checked and higher comamiraiion which becomes 
unlavourable to macro- and niicro-conidia docs not hav(* any eifret on them 
rather it enhancesthe rate ot chlamydospore |)roduc(iun, ^ 

Dry weight of the fungiil mut liuwever diows u decreu.Me nui-dtuOrom 
0-150 gm to O-OpO gin. It sliows that higher nitrogen couiciu doea not get 

incorporated in the fungal mat (I'ig. 10, Table 1^). hoi, get 
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Fig. 8. The amount of spore forms (in millions) varying with the amount of carbon 
source (Sucrose) ; nitrogen source (NH 4 )N 03 being 0*061 gm/L. 


Sixth series ; In the sixth series 0*122 gm/L of nitrogen-source was added. 
The macro-conidial population varied from 0*31 to 2*73 millions, micro-conidial* 
from 4*16 to 38*86 millions and chlamydospore from 1*44 to 19*92 millions. The 
total number of asexual bodies ranging between 5*91 to 61*52 millions (Fig. 9 
Table 1). Although the micro»conidial and chlamydospore population remained 
at the same level as the previous series showing that further doubling the amount 
of nitrogen source does not necessarily change the population dynamics a 
remarkable phenomenon in the sudden decrease in the amount of macro con idia 
was evident for the first time. It may be that additional nitrogen acts as an 
inhibitor to the macro-conidial production. 

Dry weight of the mycelium also decreased and ranged from 0*10 to 
0*55 gm (Fig, 10, Table 2). This also shows that nitrogen in this range acts 
as a deterrent for the fungal growth and could not be incorporated in the 
mycelium. 

Interseries comparisons of the available data bring out a few more points 
of interest. For macro-conidial production carbon and nitrogen in the propor- 
tion of 3*368 to 0*030 gm/L yielded best results giving altogether 5*20 millions. 
The same series produced highest of micro^conidia as well being 53*08 millions] 
Because of such a high micro-conidial population the total amount of asexual 
bodies was also highest being 69*88 millions. In conformity with the above the 
dry weight of the fungal mat is also highest being 1*100 gm. Thus the maximum 
amount of carbon and nitrogen is accumulated by the fungus in this range. 
Increase in the amount of nitrogen had an adverse effect at least on the macro- 
conidial and micro-conidial production and also decreased the dry weight of the 
fungal mat. 
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Fig. 





liie entire results have been shown in the following 1 tables. 

table 1 

Production of different spore forms {In millions per 10 cc) as effected by varying 
concentrations of carbon and nitrogen 


N in gm/L. 



G in gm/L. 




0-000 

0-104 

0-212 

0-420 

0-840 

1-680 

3-368 



MACRO-GONIDIA (in millions) 



0-0000 

0-04 

0-17 

0-19 

0-27 

0-35 

0-43 

0-50 

00077 

0-62 

0-90 

1-29 

1-64 

1-99 

2-50 

2*96 

0*0154 

1-29 

1-60 

1-99 

2-50 

2-96 

3-51 

4-29 

00300 

1-56 

1-99 

2-65 

3-24 

3-78 

4-64 

5-20 

00610 

. 1-25 

1-71 

2-30 

2-73 

3-16 

3-86 

4-25 

01 220 

0-31 

0-74 

0-97 

1-33 

1-60 

2-03 

2-73 



MICRO-GONIDIA 

(in millions) 



0-0000 

1-99 

2-65 

2-92 

3-55 

3-90 

4-10 

4-30 

0-0077 

0-40 

7-81 

17-67 

19-53 

25-07 

30-35 

35-15 

00154 

4-72 

8-98 

14-62 

21-28 

25-74 

30-80 

3&-82 

0 0300 

5-11 

9-33 

15-00 

23-40 

35-11 

40-54 

53-08 

0-0610 

4-53 

6-71 

11-09 

19-29 

23-32 

31-68 

40-11 

0-1220 

4-16 

5-11 

9-50 

15-10 

20-11 

28-00 

38-86 


CHLAMYDOSPORES (in millions) 



0-0000 

0-66 

1-40 

3 24 

4-33 

6-25 

12-38 

19-41 

0-0077 

0-58 

1 1-21 

2-73 

3-94 

5-54 

11-71 

15-62 

0-0l5'4 

0-50 

l-OI 

2-03 

3-55 

5-11 

11-17 

13-08 

0-0300 

0-43 

0-74 

1-75 

3-24 

4-64 

lo-19 

11-61 

0-0610 

0-74 

1-79 

3-75 

4-49 

6-95 

13-71 

19-53 

0-1220 

1-44 

2-30 

4-33 

5-42 

7-77 

14-80 

19-92 


TOTAL ASEXUAL BODIES (in millions) 



0-0000 

2-69 

4-24 

6-36 

8-16 

lo*5o 

16-91 

24-21 

0-0077 

1-60 

9-93 

21-70 

25-11 

32-61 

44-56 

53-75 

0-0154 

6-52 

11-64 

18-64 

27-34 

33-82 

45 49 

56-21 

0-0300 

7-11 

12-07 

19-41 

29-88 

43-55 

51-20 

69-68 

0-0610 

6-52 

10-23 

17-14 

26-52 

33-43 

49-25 

63-90 

0-1220 

5-91 

8-16 

14-80 

21-86 

29-49 

44'84 

61-52 
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TABL.Ej2 

Dry weight of the fungal mat (in gms.) as effected by varying concentr&iiotu 
of carbon and nitrogen 


N in gm/L. 



G in 

gm ./L 




0-0000 

0-104 

0-212 

0-420 

0840 

1 -fiao 

3-3GB 

0-0000 

0-100 

0-250 

0-400 

0-500 

O-GOO 

0-G5() 

0-750 

0-0077 

0-050 

0-100 

0-250 

0-300 

0-650 

()-y5o 

1-000 

0-0154 

0-050 

0-100 

0-200 

0-250 

0-300 

0-350 

1-050 

0-0300 

0-350 

0-400 

0-450 

0-500 

0-700 

0 900 

MOO 

0-0610 

0-150 

0-200 

0-250 

0-300 

()-400 

O-GOO 

0-700 

0-1220 

0-100 

0-150 

0-200 

0-250 

0-350 

()-45() 

0-550 


Cblamydospocc formation _ Iiowovor is indcponilciU of tlio availiliiUty of 
nitrogen source. The production of cldarnydospore is very errade and tlicy |ji)l 
out of the usual pattern whicii governs the macro- and n)i(;ro-coni<lial inoduttlon. 
Chlamydospore production in absence of nitrogen as well as in its niaxiinntn* 
strength gives identical values. 'I'his indicates that cIdamydo.s|K)re fonnat ion i.s 
not governed by nitrogen. 

Summary 

In order to study the effect of cariron :ind nitrogen on the growth and 
sporulation of Fusariutn udum Butler .seven carlion-sourci- variants in sis dilfeietit 
series of nitrogen concentrations were oltserved. Sucrose seived as eai bon-soiuce 
whereas (NHjlNO^ as source of nitrogen. Altogether 42 inedni ol diHereni 
carbon- nitrogen combination were inoculated :uid the iropiilation density ol 
macro-con idia, micro-coniclia and chlamyd isporcs as well as their iiuenelation- 
ships was tabulated. Dry weight of the fungnd mat in etich case was e.sliniated' 
The best yield of macro-conidia and micro-coniditi were obi.'iined in the mcdiiiui 
containing carbon and nitrogen in the inoportiun of li-; tig : ()•();;() jpn/T. j),.,, 

weight of the fungal mat too was maximum indicating that ma.simmnciul.oii 

nitrogen is absorbed. Further increase in nitrogen cuncen tration inhibits the 
inclusion of nitrogen by the fungal mat. 

Ghlamjfdospore production however was erratic and indeiiendent of nine, 
gen concentration showing almost identical values both in its absence as well aj 
in its maximum strength. 

An inversely proportional relationship exi.sted between micro-conidi.al and 
chlamydospore production in the sense that in all such sernas where micro-conidial 
production was at its maximum chlamydospore formal ion was less. In absence 
of nitrogen with the increase in carbon there was a very laftid increase in cblamy- 
dospore production. On the other hand micro conidial production was inhibited 
in absence of nitrogen. However in tlie next series it was found that with the 
slightest addition of nitrogen the chlamydospore lornmtion wsts suppresssd and 
the micro-conidial population increased. 
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Introduction 

Hopeaparviflora-Bcdd.,thtwd\ known Iron Wood of Malabar, like many 
other dimerocarns «.g., Dipierocarpuc indicus, Shorea robuslaimd Vntena xndua, is a 
tree of great economic importance. It yields a valuable tnuber which because 
ofTis strength and durability has been in considerable demand, bmuj; extensively 
used for house building, boat parts, as piles for bridges, and lor lailway s eepcis. 

In view of its economic exploitability at the cost of some min species, at 
suitable sites plantations of this species have bem ^ 

Thus, in many of the secondary forests of South ivanara distiu.t, ■//e/ne picyails 
as an understLy crop, generally 35-40 years old. J hough tl.e del a .is ol silyicuh 
ture and management of this versatile tmdaa' have, been de.dt wiih by ^ 'oup 
and Kadambi (1954), some additional data au^ bHm|;ht tenth in this 
[.ape? fTr th? Sr KanSi district (12‘'3' - 13>59' N - 74-'32' - ACOB' laying 
emphasis on : 

{a) Growth of the species in different forest types under natural couditioi n, 
(b) Growth of the species under plantations, 

(r) Associate disparity, successional status and natural ie|;( neratiou ot the 
species. 


Studies are based on the floristic data gathered from 3Mcgauvallt*y, N*uavi, 
Bantemale, Someshwar, Andar, Pilarkan, Yeuruoor, jaivattkadu, Jail k4n nude, 
Mundajekap and Porkal reserve forests. Most of these iilaet'S au* situatetl at a 
lower elevation (less than 250 in above sea level) though some like Aiulai* kSoiuc* 
shwar and Naravi in the ghats support tlic natural growth ot llojnui paiinjma at 
an altitude of 300-500 m. Raintall data arc not available lor ihesc places and 
are recorded below for the nearly localities only : 


Mean annual rainfall 


Locality (cm.) 

Udipi (Pilarkan R. F.) 

Puttur (Yenmoor R. F.) O?!)*!) 

Baindur (Meganvalley R. F.) 40b-3 

Beltangadi (Naravi R. F., Mundajekap R. I^) 452*2 

Kaikala (Andar, Jarvattkadu, Jattkatmalc, 

Someshwar R. F). 4954) 


Porkal and Bantemale reserves experience a high rainfall like Ihutur. 
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Natural growth. 

In South Kanara forests the natural growth of Eopea parviflora prevails in 
the semi-evergreen and evergreen forests. The species shows a wide range of 
associate disparity and its growth rate varies being better in the evergreen than 
in semi-evergreen type. It attains a height of over 25 m in the tropical wet 
evergreen forests of Meganvalley generally prevailing at about 400 m above sea 
level. At other sites also i.e,^ Bantemale R. F., Naravi R. F., Andar R. F. and 
Someshwar R. F. it occurs almost at the same altitude. It has a more gregarious 
growth at Naravi and Andar than at other sites, but its height hardly exceeds 
20 m. Here, it constitutes a single dominant forest— the Hopea consociation, with 
evergreen associates mainly. Above 500 m however, in these sites other species 
like Poeciloneuron indicum, Palaquium ellipticum and Mesua ferrea dominate form- 
ing mixed associations. At Piiarkan Diospyros microphylla and Artocarpus hirsuta 
predominate. 

In the semi-evergreen type as at Yenmoor R. F., Hopea attains comparatively 
a low height (15 m) and has a scatered growth. It is associated here with an 
irregular assemblage of evergreen, semi-evergreen and deciduous components. 
The various associates of Hopea parviflora met with in the evergreen and semi- 
evergreen forests are given below for some selected sites. 


Associates 

Evergreen type 
Someshwar Andar Naravi 

Semi-evergreen type 
Yenmoor 

Antiaris tomaria 

Trees (I and II storey) 

0 0 

0 

r 

Artocarpus hirsuta 

f 

0 

0 

f 

Calophyllam elaturn 

r 

r 

r 

- 

Canarium strictum 

f 

f 

f 

- 

Carallia brachiata 

0 

r 

r 

f 

Cinnamomum zeylanicum 

f 

f 

f 

0 

Donella roxburghii 

r 

r 

r 


Elaeocarpus tuberculatus 

r-o 

r 

r 

- 

Euphoria longana 

f 

f 

0 

- 

Garcinia morella 

r 

r 

r 


Holigarna ar not liana 

a 

a 

a 

a 

Hopea wightiana 

r 

r 

r 

r 

Hydnocarpus laurifolius 

r 

r 

r 

r 

Knema atienuata 

f-a 

f-a 

f-a 

0 

Litsaea stocksii 

r 

r 

r 

— 

Machilus macrantha 

r 

r 

r 

0 

Oleadioica 

f 

f 

f 

f 

Pithecolobiim bigeminum 

f 

0 

0 

— 

SchleUhera oleosa 

- 

- 

— 

f 

Terminalia tomentosa 

r 

- 

r 

f 

Valeria indica 

r 

r 

r-o 
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Associates 


Evergreen type Ecini-evergrccn type 

Someshwar Andar Naravi Yenrnoor 


Small tiees^ shrubs^ climbers (Hi and IV storey) 

AcLinodaphne bourdilloriii f f f - 

Aporosa lindleyana f t i a 

Calycopteris Jlotibunda r r o t 

Dichapetalum gelonoides i r-o f — 

Entada scandens r r r ^ . 

Euonymus indicus fro - 

Flacourtia montana f f o « 

Gnetum ula f f f f 

Heynea irijuga r - r 

Humboldtia brunonis r o 0 o 

Ixora brachiata f f f a 

Mallotus pbilippensis r r r o-f 

0 = occasional ; f = frequent ; r = rar c ; a r abundant 

The soils investigated under these types represent luteritic group derived 
from metamorphic rocks, granitic gneiss, mica schists and Icmiginous quartzites. 
The topography oi the area under these forests is undulating. q*hc soils are 
deep and moderately drained to well drained. Water table is fairly deep being 
approximately at a depth of 60('-750 cm. from surface. The xuoriihological 
description' and analysis of soil profiles (A and B) is given in Tabic Ipi). It can be 
marked out that : 

1. The soils exhibit wide variation in texture ; being sandy clay ^sandy 

loams. ^ 

2. They contain a good proportion of gravel, 

3. They exhibit variation in G. E. C., exchangeable metallic cations pH 

and organic matter content in the difrerent horizons of the profiles. 

4. Exchangeable calcium is the dominant base in all the soils. 

Plantations 

Plantations of Hopea parvijlora prevail in the secondary forests which may be 
moist deciduous or of semi-evergreen type. The growth of the species in height 
girth, and bole size, is seen to be comparatively better in the semhevergreen 
forests. ® 

The plantation sites are located invariably at the foot of the ghats where 
the natural vegetation is of semi-evergreen and moist deciduous foiajsts, the former 
type predominating. Average altitude of such places is 300 tn aiul tlu^se receive 
a mean annual rainfall of about 350 cm. or more. At Jalkattmale reserve forest 
at the foot of the Someshwar ghat in the south east of the diiitrict, Hof)ea nl-inra- 

tions of 1920-21 prevail. The trees have attained a height of ahouMO m aS 

occur scattered all over in the forest, interspersed by deciduoms. se.rni-everureen or 
nQo«’or”^ evergreen associates. Similar conditions prevail at Mundajclcap 
(1926-28 plantations) at Nadigal and in Porkal reserve forest at Mannagundi ip 
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che Dorth east of the distinct at the foot of Gharmadi and Shiradi ghats. Here 
comparatively the tree has attained a better growth averaging to 12 m. in height 
and occurs gregariously. 


The natural vegetation in all the sites where plantations are met with is a 
Xylia-Terminalia mixed forest whose associates vary depending upon the locality 
iactors of the sites. In general following species are met with. 


Associates 

T erminalia-Xylia 
Jatkattmale 

mixed forest 

Mundajekap 

Adina cor difolia 

Top storey 

0 

0 

Alsionia scholar is 

r 

r 

Careya arborea 

r 

0 

Cary Ota mens 

r 

r 

Etc at ami a heyneana 

f 

f 

Fagara badrunga 

r 

0 

Ficus lacor 

r 

r 

HJigarna arnottiana 

a 

a 

Knema atienuaia 

f 

i. 

Lagerstroemia lanceolata 

f 


Lanriea coromandelica 

0 

0 

Lophopetalum wightianum 

r 

r 

[ Macaranga peltata 

r 

0 

Machilus macrantha 

0 

r 

Madhuca indica 

r 

0 

Olea dioica 

f 

f 

Schleichera oleosa 

0 

0 

Strychnos vomica 

t ‘ 

f-a 

Syzyghm cumini 

r 

r 

Terminalia bellerica 

, . r ■■ 

r 

T, paniculata 

f-a 

f-a 

T. tomentosa 

f 

f 

Xylid xylocarpa 

a 

a 


Understorey 


Aporosa lindleyana 

a 

a 

; Calycopteris flortbunda 

f • 

f 

; Feronia limonia 

0 

0 

Gnetum ula 

f 

0 

IxQiabiachiata 

a 

a 

Mallotus philippensis 

r 

0 
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TABLE 1(a) 

Analysis of soil samples from natural sites 
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TABLE 1(6) 

Analysis of soil samples from plantations 
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Ike soil profiles investigated under thdse Secondary forests repi-esdnt broWtl 
iateritic soils. The topography of the area is undulating to rolling. The soils 
are deep and well drained. Their Morphology and analysis (ITotiles G and D) is 

given in Table I(^) which shows that : 

1. The soils are sandy loam in texture. 

2. Their cation exchange capacity, organic matter content and exchange^ 

able metalic cations, varies being generally higlicst in surlace horizon, 

3. The dominant exchange base is calcium as in the sods from natural 

sites, 

4. Unlike natural forest sites, the pH in these soils increases in the 

horizon next to the surface one, thereafter decreasing with depth. 

Natural regeneratioii 

It has been observed that natural regeneration of the species is better in 
the semi-evergreen forests than in the wet evergreen type. In the moist decidu- 
ous type, the regeneration of the species is poor unless the forest has some ever- 
green components as in the Xylia mixed type. In general, Xylta xylocarpa is seen 
to regenerate better than this species. The ground layer has the iollowing 
composition in the above forests. 


Species 

Someshwar 

Andar 

Naravi 

Ycumoor 

Actinodaphne sp. 

X 

r 

r 

r 

Artocarpus hirsuta 

- 

r 

- 

0 

Canthium angustifolium 

r 

r 

r 

0 

Carallia brachial a 

r 

r 


r 

Cinnamomum zeylanicum 

0 

0 

0 

f 

Caryota are ns 


- 


r 

Dracaena sp. 

r 

0 

0 


Carcinia sp. 

r 

r 

r 

- 

Ceophila reniformis 

r 

r 

r 


Cymnopteris sp. 

0 

0 

0 

- 

Hedychium sp. 

0 

- 

- 

- 

Hedyotis nitida 

- 

- 

0 

r-o 

Holigarna arnottiana 

0 

0 

0 

0 

Hopea parvifiora 

0 

r 

r 

f 

Ixora brachiata 

r 

r 

r 

r 

1, nigricans 

- 

r 

- 

- 

Knema attenuata 

r 

r 

r 

0 

Leea indica 

0 

r 

0 

0 

Litsaea sp. 

... 


r 

r 

Macaranga peltata 

-- 

- 


r-o 

Memecylon sp. 

0 

- 

r 

- 

Mothopegia colebrookiana 

0 

0 

f 

— 
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Species 

Someshwar 

Andar 

Naravi 

Yenmoor 

Ophiorrhiza sp. 

— 

r 

r 


Piper nigrum 

- 

r 

r 


Psychotria dalzellii 

o 

o 

0 

0 

P. truncata 

f 

f 

f 

o 

Plerospermum sp. 


r 


mm 

Terminalia sp. 


aw 


o 

Xylia xylocarpa 

- 

- 


f 


Successional status 


Like the Xylia mixed types, Hopea forests have a transitional status between 
the moist deciduous/semi-evergreen and evergreen types, though the species is 
better spread than Xylia in the evergreen forests. Generally, it is seen to occur 
gregariously in patches in the semi-evergreen and evergreen types and with Xylia 
xylocarpa, its successional trends can be indicated as follows : 

(climax) 

^ Evergreen ^ 

Hopea mixedf^ Serai-evergreen ^Xylia mixed 
^Moist deciduous*^ 


Conclusions 


1. The above data on the natural occurrence o^ Hopea parviflora 2 LS^Nt\\ 2 LSi 
the data given for some other sites by Bourdillon (1904), Alvares (1931), Kadambi 
(1941, 1950, 1954) and Ghandrasekran (1962) suggest that Hopea forests attain 
either a climax status or a transitional status leading to the climax type in these 
ghat areas under humid tropical conditions. 


2. The above is not true so for as plantations are concerned. In these 

secondary forests, Hopea prevails in the moist deciduous and semi-evergreen types 
attaining better growth in the latter. Generally, in all these forests, a canopy of 
deciduous components like tomentosaj l , paniciilata with Xylia xylocarpa 

prevails. 

3. Thus the species shows a great deal of associate disparity under natural 
conditions. It grows on one hand with typical wet evergreen components like 
Poeciloneuron indicum^ Palaquium ellipticum^ and Dipterocarpus indicus which are 
associates of the climatic climax type while in the secondary forests in plantations 
invariably, it has moist deciduous components like Terminalia spp., with Xylia 
xylocarpa. At places it may even be associated with Pterocarpus marsupium (Porkal 
R. F,). Generally it prevails in all these forests as an understorey species while in 
the natural forests it is a top storey component. 

4. The species in early stages requires a sparse cover and is a light deman- 
der. A loose canopy helps its growth, and for that reason the plantations thrive 
well at sites supporting a miscellaneous assemblage of species. Abundant natural 
regeneration of the species is invariably seen in cleared sites where trees have 
been felled (Jarvattkadu R. F,), 


5. Soil characteristics are more or less similar in the natural and planta- 
tion sites. 
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STUDIES ON SOME SOILS OF HUMID TROPIGS 

By 

B. S. AHUJA 

Central Botanical Laboratory, Allahabad 
[Received on 18th August, 1964] 

Introdfictiois 

The effect of the underlying rock and nature of soil in relation to 
vegetation has long been emphasized. Troup (1921) gave a number of examples 
to show that forest vegetation of India is related to geological and soil conditions 
Concentrating on the Humid Tropics of Andamans, Ghengappa (1934) concluded 
that the evergreen forests occur on non-calcareous micaceous sandstones, while 
the semi-evergreen Dipterocarpus^ type was found mainly on conglomerate and hard 
metamorphic substratum. A similar type of relationship between forest commun- 
ities and soil types has been brought out for Assam, where most of the work on 
the soils has been carried out by Medlicot (1855) ; Raychoudhry (1941)* Ray- 
choudhry and Mukerji (1941); Goulsen (1942) ; Seth and Yadav (I960) ; and 
others. It has been established that distinct types of forest vegetation, namely 
the Hollock (Terminalia myriocarpa) community in the zones of Brahamputra series 
and the Hollong {Dipterocarpus macrocarpus) community occur in two distinct types 
of soils based on their pH and moisture content requirements. Terminalia myrio^ 
carpa is able to thrive on soils of low acidity and of high moisture contents whereas 
the Dipterocarp type (Hollong) requires a well drained sandy/loam soil with higher 
pH status. Again it has been observed that species like Vatica lanceofolia, Calamus 
sp., Pinanga gracilis, growing in low lying areas with high moisture contents while 
Girardinia hcterophylla 'dnd Calamus leptoipadix usually occur on well drained soil 
at the loot of the hills, and Meliosma simplicifolia occurs in sandy situations. 

Dealing with the vegetation of Burma, Stamp (1925) found a very interest- 
ing correlation between geology and vegetation types. He pointed out the 
occurrence of entirely different types of vegetation under similar conditions of 
climate. 

A similar type of work for peninsular India has been carried out by Cham- 
pion (1920) ; Vahid (1927) ; Puri (1956); Bhatia ; (1954) ; Arora (I960) ; Seth and 
Yadav (I960) ; and others. But very little is known regarding the relationship 
of soils and vegetation types of the humid tropics. 

Classiffcation of soils 

Working in the districts of Belgaum, Shimoga and Chikmagalur of Mysore 
State, three different soil types have been recognised i,e,, 

1. Black soil ; 2. Red soil ; and 3. Laterite soil. 

Black soil is derived from granite, gneiss or basalt and bears a deciduous 
type of vegetation of Teak or Bamboo or scrubs of Ixora, Gymnosporia, Randia, Dodo* 
nea, etc. The soil may be formed in-situ or more commonly is alluvial in nature. 
Black soil is heayy^ in texture and the clay content varies from 40-60%. The 
soil is slightly acidic to neutral in reaction. Prevalence of montmorillorite 
type of clay mineral accounts for higher cation exchange capacity. Calcium 
dominates the base complex. The silica/sesquioxde ratio is generally more than 3. 
Robinson (1949) reported that the colour of the soils largely depend on drainage. 

* Present address : Survey of Medical Plants, P. O. Gurukul Kangri. 
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PLA'IK L 


Histograms representing Calcium, Magnesium ami IN>tassitim in 
milicquivalents of soils in dilFcrcut vegetation types at surl’acc layer*. 



platk n. 





Red soils which occupy the largest area, supports a luxurient vegetation of 
evergreen species e.g*, Dipterocarpus, Diospyros^ Calophyllum, Ginnamomum^ Poeciloneu* 
forty Palaquirrty MesuOy Hopea, Okay Myristicay etc. The soil is formed from the 
decomposition of granites, gneiss and schists in situ. Predominance of iron oxide 
determines its colour. Red soil is sandy loam to clayey loam in texture and the 
depth varies with the topography of the locality where it is found. In general 
the soil is thin on the uplands and deep in low lying areas. The predomenant 
clay minerals are kaolinate which impart a lower cation exchange capacity to 
the soil. Base status is not very high. Kankar or nodules of calcium carbonate 
are absent. 

Laterite soil bears semi-evergreen types of vegetation, dominated by Xylia 
xylocarpa and scrubs of Canthiamy Oka, Syzygiurriy etc. Laterite soil may be sedi- 
mentary or transported and is characterised by the presence of indulated, honey- 
ombed mass which is developed from the separation of nodules of Iron oxides 
cand their gradua;! cementation. Clay complex is dominated by the hydrous oxide 
of Iron and Alluminium. The soil is poor in all the plant nutrients. 

Material and Metlio<ls 

Samples of the abovementioned different soil types were collected and 
chemically analysed, profile wise for their base status i,e.y exchangeable Calcium, 
M ignesiurn and l^tassium contents. The methods of Piper (1944:) were followed 
for this study i.e., leaching the soil b/ N and 2N Ammonium chloride and taking ; 

1. Oxalic acid method for Calcium 

2. Sodium citrate method for Magnesium ; and 
Cobalt nitrate method for Potassium. 

Results 

The 12 profiles analysed for their chemical constituents, comprise of five from 
evergreen forest soils (3 wet-evergreen and 2 semi-evergreen) ; five from decidu- 
ous forest soils *(2 moist-deciduous and 3 dry-deciduous) ; and two from scrub 
forest soils. The data is tabulated in Tables l-lll. 


TABLE I 

Showing exchangeable Calcium of different profiles at different depths 


Vegetation 

type 

Community 

Exchangeable calcium 
0" 2" 6" 

in m.e. at 

12" 24" 

Evergreen 

Poeciloneuron-Mesua 

Hopea^Olea-Myristica 

14-2 

16-3 

16-5 

11- 24 

12- 24 
li-5 

9-56 

10-3 

9-6 

8-7 

8-5 

7-8 

8- 3 

7-3 

9- 25 

Semi-evergreen 

Xylia-Oka-T abernemon' 
tana 

18-44 

13-5 

12-9 

10-4 

11-3 

9-8 

9-3 

7-6 

9-6 

6-2 

Moist-deciduous 

1 eahTerminalia-Emblica 

21-23 

20-2 

11-4 

13-5 

11-05 

10-6 

10-2 

7-8 

6-72 

4-66 

Dry-deciduous 

T eak^Anogeissus 

26-4 

24-8 

28-5 

12- 5 

13- 7 
11-8 

9- 9 

10- 6 

9-8 

7- 5 

8- 4 

7-9 

7- 08 

8- 88 
8-3 

Laterite scrubs 

Canthium^Oka Syzygium 

7-8 

6-b 

6-4 

6-06 

5-6 

5-6 

4-2 

4-59 

4-7 

4-92 
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tABLE II 


Showing exchangeable Magnesium in dipt e at profiles at different depths 


Vegetation 

type 

Community 

Exchangeable calcium in m.c. at 

0’ 2" 6' 12" 24' 

Evergreen 

Poeciloneuron-Mesua 

Hopea-Olea-Mryistica 

H-5 

l()-5 

10-2 

10-6 

8*6 
() '5 

8' 5 

9-4 

7-5 

6-3 
10- 1 
8-2 

8-1 

IM 

8-7 

Semi-evergreen 

Xylia- Olea^T abernemontana 

5-6 

4-83 

3-3 

1-91 

2-8 

2-25 

3-4 

2-48 

3-2 

3-35 

Moist-deciduous 

T eak-T erminalia-Emblica 

13-2 

9-4 

10'5 

6-94 

9-5 

5-6 

7-8 

4-52 

10-2 

2*15 

Diy-deciduous 

Teak-Anogeissus 

6- 97 

7- 8 

9-2 

3- 83 

4- 5 

5- 3 

3- 8 
3’46 

4- 8 

4-35 

3- 92 

4- 12 

4-5 

4-2 

3-85 

Lateritc scrubs 

Canlhium-OleO’Syzygiwm 

4-75 

2-12 

3-3 

1-79 

2-8 

1-75 

2-15 

1-9 

2-5 

2-10 


TABLE III 





Showing exchangeable Voiassiuni in difaint profiles al dijjerait depths. 


Vegetation 

type 

Community 

Excliangeablc calcium 
0" 2" G" 

in m.c. 
12" 

at 

24" 

Evergieen 

Poeciloneuron-Mesua 

Ho peci’Olea^ Myrisiica 

6-2 

4- 5 

5- 1 

3-5 

3- 75 

4- 38 

5*3 

d-*5 

4-32 

6-7 

5-5 

4-8 

4-5 

3-75 

3-9 

Semi-evergreen 

Xylia^Oled'T abernemontana 

4-8 

3-3 

2-7 

2-5 

2-23 

2-45 

2-02 

2-7 

2-1 

2-48 

.Moist-deciduous 

T eok'T erm inalia-Embli ca 

4-7 

1-06 

3-7 

0-75 

3-C6 

3-2b 

3-46 

1>5 

3-45 

0-95 

Dry-deciduous 

Teak-'Anogeissus 

1-15 

1-32 

1-48 

0-85 

0'95 

102 

0-74 

0-76 

083 

0-55 

0-65 

0*02 

0-62 

0*33 

0-68 

Lateritc scurbs 

CaniliiuvfhOleaSyzygium 

2-3 

1-9 

1-6 

1-2 

1-5 

1-3 

1-9 

1-7 

1-7 

1-8 


Discussion 

Large amounts of nutrients taken up by luxurient vegetation arc constantly 
returned to the soil, chiefly through leaf and other fallen plant parts (litter). Due 
tofavourable environmental conditions, these plant-remains arc rapidly decompos- 
ed and the nutrients are released. That is v/hy tlio surface layer of most of the 
soil profiles analysed is considerable rich in exchangeable bases and contains 1*5- 
3*5 times, sometimes even more, as much exchangeable bases as the lower layers* 
The data obtained reveals that the 1” and 12^' deep layers arc poorer in these 
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tases due to leaching while the 24'' deep layer being less leached is richer, the 
amount sometimes being of the same order as those'of the surface layer. Similar 
distribution of bases has been reported by Jones (1955) from the rain forest soil 
profiles of Southern Nigeria. 

In the soils of the Humid Tropics region, the most abundant exchangeable 
cations are firstly Hydrogen and Calcium, secondly Magnesium, and thirdly Potas- 
sium and Sodium (Lyan and Buckman, 1947). In the soil profiles analysed, the 
exchangeable Calcium contents are upto four times as much as the exchangeable 
Magnesium content and upto 20 times as much as exchangeable Potassium. 

It is interesting to note that the amount of each cation. Calcium is highest 
in the dry-deciduous forest soils, while it is slightly lower in the moist-deciduous 
and becomes lowest in wet-evergreen through semi-evergreen. 

The difference seems to be due to the higher altitude of evergreen forests, 
whose soils are considerably leached as result of high rainfall (Agumbe, 300 inches 
per year). On the other hand deciduous and semi-evergreen types being less 
leached, (Londa, 60 ; Sutgatti, 45 inches), are richer in exchangeable Calcium. 
Another important feature contributing to this varying Calcium status would be 
foliar composition of the vegetation. The deciduous trees are richer in foliar 
Calcium than the evergreen trees (Ahuja, 1961, 1964). 

On the other hand in the case of exchangeable Potassium, reverse is true 
i.e., the amount is lowest in dry-deciduous type and increases through moist- 
deciduous and semi-evergreen to wet-evergreen type. 

Although the behaviour of Magnesium and Calcium in soils is similar (Lutz 
and Chandler, 1959 ; Lyan and Buckman, 1947), in the soil profiles examined, the 
exchangeable magnesium is found to be indifferent to vegetation types. 

Laterite profiles supporting sparse vegetation {Olea dioica^ Canthtum sp., 
SyZygiurn sp., Ixora sp., ete.) are poor in all three bases. Soil is shallow and rock 
is exposed at most of the places as most of the soil is leached out due to heavy 
rainfall. 

Summary 

The effect of the underlying rock and soil in relation to vegetation has long 
been emphasized. Soil samples of different soil types were collected and chemic- 
ally analysed profile wise for their base status. The method of Piper (1944) was 
followed. Twelve profiles have been taken for the present study. 
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UTILIZATION OF OLIGOSAGGHARIDES BY SOME 
ANTHRAGNOSE FUNGI 
By 

A. K. GHOSH, R, N. TANDON, S. N. BHARGAVA and M. P. SRIVASTAVA 
Botany Department^ University of Allahabad, Allahabad, India 

[Received on 1st September, 1965] 

xAnthraciiose diseases of mango, papaya, guava and banana are of considerable 
importance and have received the attention of various investigators. So far, 
some nutritional studies on the causal organisms have been done ; but a detailed 
work on the utilization of oligosaccharides by these fungi has not been undertaken. 

Modern paper chromatographic techniques have rendered it possible to 
derive valuable information regarding the pathvvay of utilization of carbohyd- 
rates by fungi. In the present study regular chromatographic analyses coupled 
with dry weight studies of the mycelial mats 'have been employed in order to 
understand the comparative efBciency of four anthracnose fungi in utilizing some 
oligosaccharides. 

Materials and Methods 

Single“Spore cultures of ColUtotrichum gloeosporioides Peaz., Collelotrichum papayae 
P. Henn., Gloeosporium psidii Delacr. and Gloeoiporium musarum Cooke et Mass, isolated 
from diseased fruits of mango (Mangifera indica L.), papaya [Carica papiyx L,), guava 
(Psidium guajava L.) and banana {Musa paradisiaca L.) respectively were employed. 
The basal medium consisted of KNO3, 3*5 g ; KH2PO4, 1*75 g ; MgSO^ *7 HgO, 
0*75 g ; and distilled water, 1000 ml. To this medium each oligosaccharide was 
added singly in such a quantity so as to furnish 4 g of carbon per litre. Eight oligo- 
saccharides, viz-i sucrose, maltose, cellobiose, trehalose, lactose, melibiose, 
rafSnose and melezitose were used. All the chemicals employed were of guarante- 
ed purity. On the basis of previous investigations the initial pH of the medium 
was adjusted to 5*8 in all cases. 25 ml of the medium was poured in each of the 
150 ml Fyrex Erienmeyer flasks. The flasks containing media were then subjected 
to fractional sterilization by 30 minutes’ steaming for three successive days. The 
flasks were then inoculated with mycelial bits of approximately equal size of ten 
day old culture of the respective organisms and were incubated at 25il°G. The 
experiments were conducted in triplicate sets. Each day 0*005 ml of the medium 
from a flask belonging to a particular set was analysed by the circular paper 
chromatographic technique used by Ranjan et al (1955). In case of lactose, 
melibiose and raffinose the chromatograms were run in n-butanol-pyridine- water 
(45 25 : 40) ; whereas, the solvent used for the rest of the sugars was ;2-butanol- 

acetic acid-water (4:1: 5, upper layer). After drying the chromatograms were 
aniline-diphenyiamine phosphate reagent (5 vols. 4% aniline, 5 vols. 
4 % diphenylamine and i voi. orthophosphoric acid ; Buchan and Savage, 1952.) 
The bands were developed by heating the chromatograms in electric oven at 
U0°G for 90 seconds. Trehalose, which does not give band with the above reagent, 
was detected by spraying the chromatograms with ammonical silver nitrate 
solution and subsequently heating them at lOO^'G for 2-3 minutes. In each case 
the mycelial mats were harvested after 5, 10 and 15 days of incubation. Pre- 
viously dried and weighed Whatman’s No. 42 filter papers were used for this 
purpose. They were dried to constant weight in an electric oven at 60°-62°G and 
^ere weighed again after cooling in a desiccator. The average dry weight of 
mycelium was taken as the criterion for growth. 

[ 197 ] 



Rcsulti^ 

The results obtained have been summarised in Tables 1 and ‘J. 

TABLE 1 

Shewing the presence (in days) of various sugars in the culture medium during the 
utilization of different oligosaccharides by the four anthracnose fungi 

Organism 

Sugar ^ gloeosporioides C. papayae G. psidii G. musarum 


Sucrose 

Sucrose 

Glucose 

Fructose 

Oligosaccharide I 
(Rf 0-27) ^ 

Oligosaccharide II 
(Rf 0-2) 

Maltose 

Maltose 

Glucose 

Oligosaccharide I 
(Rf 0*18) 

Oligosaccharide 11 
(Rf 0-1) 

Cellobiose 

Cellobiose 

Glucose 

Oligosaccharide I 
(Rf 0-16) 

Oligosaccharide II 
(Rf 0*11) 

Trehalose 

Trehalose 

Glucose 

Lactose 

Lactose 

Melifoiose 

Melibiose 

Galactose 

Glucose 

Raffioose 

Raffinose 

Melibiose 

Galactose 

Glucose 

Fructose 

Oligosaccharide I 
(Rf 0T6) 
Melezitose 
Melezitose 


0-5 

0-3 

3-6 

2-5 

3-9 

3-8 

3-6 

2-5 

4-5 

- 

0-8 

0-6 

6-9 

- 

4-8 

3-6 

6-8 

- 

0-7 

0-8 

5-8 

5-6 

5-7 

5-7 

5-7 

5-7 

0-8 

0-9 

5-9 

6-11 

0-15 

0-15 

0-5 

0-4 

3-8 

2-5 

- 

2-4 

0-7 

0-7 

3-6 

— 

4-7 

3-9 


3-4 

- 

3-7 

- 

2-3 

0-10 

0-8 


0-3 

0-3 

3-5 

2-8 

3-7 

2-13 

3-5 

2-4 

4 

3-4 

0-5 

0-5 

- 

4-8 

3-5 

3-6 

5 

- 

0-6 

0-9 

5-6 

5-10 

- 

5-9 

- 

5-8 

0-7 

0-7 

5-8 

2-10 

0-13 

0-15 

0-4 

0-4 

3-4' 

2-15 

- 

2-10 

0-6 

0-6 

4-6 

4-12 


4-5 

4 

4-11 

0-5 

0-15 
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TABLE 2 


Showing the dry weights {in mg) of mycelium of the four anthracnose 
fungi on different oligosaccharides 


Oligosaccharide 

Days of 
incuba- ^ 


Organism 


tion C- 

gloeosporioides C.papayae 

G, psidii 

G. musarum 

Sucrose 

5 

33-2 

36-8 

42-5 

15-5 


10 

101-6 

82-0 

84-0 

47-2 


15 

96-4 

80-2 

87-0 

74-2 

Maltose 

5 

25-3 

25-6 

44-3 

20-0 


10 

96-8 

84-2 

109-4 

95-6 


15 

83-0 

84-0 

88-2 

85-2 

Gcllobiose 

5 

15-7 

23-7 

29-2 

19-2 


10 

77-4 

73-7 

85-7 

61-3 


15 

81*9 

87-8 

80-1 

73-2 

Trehalose 

5 

24-2 

29-8 

37-8 

25-9 


10 

103-9 

81-2 

90-0 

73-2 


15 

96-4 

98-7 

83-8 

96-0 

Lactose 

5 

16-3 

21-5 

20-0 

19-5 


10 

48-6 

45-0 

49-0 

37-8 


15 

78-0 

77-0 

94-5 

61-9 

Melibiose 

5 

33-8 

37-5 

41-9 

15-3 


10 

70-3 

68-3 

80-8 

28-3 


15 

67-1 

56-3 

68-1 

45-4 

Raffinose 

5 

39-6 

37-2 

35-4 

21-2 


10 

73-0 

83-6 

75-4 

66-0 


15 

65-1 

78-6 

66-9 

66-1 

Melezitose 

5 

31-2 

36-3 

31-6 

10-5 


10 

98-1 

122-0 

101-4 

25-3 


15 

109-8 

102-5 

91-0 

41-9 


Discussion and Conclusions 

Whether it is necessary for an oligosaccharide to be first hydrolysed to the 
component monosaccharide units prior to utilization by a fungus was a contro- 
versial question for the earlier workers in the field of fungal nutrition. Recent 
advancement in chromatographic technique has made it possible to detect various 
intermediate products in the culture medium, and thus, has rendered great help 
in following the path of utilization of oligosaccharides. Although it has now 
been shown that generally fungi utilize oligosaccharides after hydrolysis, there 
are some records of direct utilization. Mandels (1954), for instance, reported 
that the spores of Myrothecium verrucaria could utilize sucrose directly. 

It would be seen from the results of the present study that the media conta- 
ining these oligosaccharides did not show any breakdown product after stcriliza- 
tiou (*zero’ day of incubation). The appearance of monosaccharides in these 
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media after the fungi were inoculated and allowed to incubate, therefore, was due 
to the enzymatic activity of these organisms. 

Among the disaccharides, sucrose and maltose were readily metabolized 
and the pathway of utilization was a hydrolytic one. In inaliose medium used 
by C. papayaeand G. psidii no glucose could be delim.icd ; but the appearance of 
synthetic oligosaccharide was an evidence of the bntalcdown of (his sugar. Non- 
appearance of glucose in those cases was obviously dm; to it.s siundtaneous 
utilization. G. psidii failed to synthesize any oligo.sacehai ide in cc llobiose medium 
and in this respect dificred from the other three fungi, each of which produced 
two synthetic oligosaccharides. During the utilization ofmelihiose I)y C. pwpnyae 
and G. musarum both the hydrolytic products, oiz-, glucose and gtilacto.se, made 
their appearance in the culture medium, whereas in case of C. gloensporioides and 
G. psidii only galactose could be detected. This indicates that the latter organisms 
had a preference for glucose over galactose, and that the rate of assimihuion of 
glucose was rapid. The trisaccharide, raffinose, when attacked at o-linkage by 
an enzyme breaks up into galactose and sucrose ; where.as wlieu the cleavage 
takes place at ^-linkage, fructose and melibiose are formed. .I'Vorn the results 
of the present investigation it would be seen that duritig thcnttilizitlion of raffinose 
by G. papayae, G. psidii and G. musarum none of the two iuttninediate di.saccliaridcs, 
uiz; sucrose and melibiose, could be detected. ( )I)viori.sly, this was due to' 
comparatively slower rate of liberation of the disaccharide concermal ami rtipid 
rate of its breakdown. It is aim clear from the results of sucio.se and melibiose 
utilization that the rate of breakdown ol these sugars was nust. Ap[)e.arance of 
melibiose during the utilization of raffinose by C. glocuspuiiauks indicates tliat in 
this case the jS-linkage was attacked first. Non-.ippearance of glnco.se and 
fructose in some cases was also apparently due to simultaneous titiliz;i(ion. 

Although appearance of the hydrolytic product (s) of an oligo.saecli.arklc 
indicates indirect utilization, it is not necessary that non-aitpcartince would 
invariably mean direct utilization. In those cases wheic the rate of breakdown 
of the oligosaccharide is slow and the rate of utilization of the resultant monosac- 
charide(s) is rapid, there is every likelihood that the latter .sngarf.s) would not 
be detectable. This possibility has to be taken into account while eonsidcriiiff 
the mode of utilization of lactose by the present fungi. However, no process 
other than direct utilization could be visualized, in ca.se of the rtipid consumption 
of melezitose (which persisted in the medium for only 5 clays) by C. psidii witliout 
the appearance of any hydrolytic product. > / > witnout 


It would be eviden from the results that the efficiency with which an 
oligosaccharide is utilized by fungi is to a great extent dciiendent on its structural 
configuration. Lactose and melibiose showed stiiking cliffierence in tiudr rates 
.t utilization by fungi .Uhoagh both of thcae ilinncliniidS comnbi the 

same monosaccharide units (t.fi., glucose and galactose), 

. ^ It IS apparent that the present organisms except G. .showed a close 

similarity in their rates of utilization of different oligosaccharides. G. musarum 
differed markedly from the other fungi in its comparatively slow rate of assimila- 
tion of the hydrolytic products. It is interesting to note that the late of brc'ik- 
down of oligosaccharides by this organism was fast, 'j'his i.s .-m imli’cntion that 
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of fiigiief sugars* This process involves the formation of a sugar-enzyme complex 
and subsequent transfer of the sugar part from the complex to a suitable acceptor. 
When the sugar fraction is transferred to water, it is a case of simple hydrolysis ; 
when it is transferred to a molecule of the original sugar a higher oligosaccharide 
is formed. Investigations carried out by many workers including Wallentels 
(1951), Sealing and Bacon (1951), Pazur and French (1952), Albon e^^/.- (1953), 
Buston and Jabbar (1954), Tandon and Bilgrami (1958), Wilson and Lilly (1958), 
A.gnihotri (.1962): and Bilgrami (1964) have demonstrated the production of trans- 
glycoiidases by fungi. In the present investigation, appearance of synthetic 
oligosnccharides in the culture inedia containing sucrose, maltose and cellobiose 
evidenced the activity of trans-^ « and trans- /^-glycosidases produced by the 
four anthracnOse fungi; G. 'psidii differed from the rest of the organisms included 
i-TvChe* present study as it did not synthesize any oligosaccharide in a medium 
containing cellobiose. Tn a raffinose medium only 6. exhibited the forma- 
tion of synthetic oligQsaccharide, . ' 

• It woCild be evident from the dry weight studies of the mycelial mats of these 
fungi that when- the rate of utilization of a particular sugar was comparatively 
slow, the dry wjeight showed an increase upto the end of the final incubation 
period (15 days). On the other hand, in those cases where the utilization of 
sugar was rapid the maximum dry weight was attained after 10 days, of incubation 
and at the.end of final incubation (15 days) the weight either, recorded a fall or 
it remained more or less constant. The efficiency .with which an organism utilized 
an oligosaccharide, however, could not always be correlated with the fined amount 
of gro'vvth (rnycellal dr/ vveight) produced on that particular sugar. • ^ 

Summary 

Utilization of eight oligosaccharides, vlz.^ sucrose, maltose, cellobiose, 
trehalose, lactose, melibio.se, mclezitose and raffinose, by Colletotrichum gloeosporioides^ 
C. papayae^ Gloeosporium psidii and G. musarum isolated from diseased fruits of mango, 
papaya, guava and banana respectively, was studied chromatographically. Hyd- 
rolytic products of all the oligosaccharides, except lactose and melezitose, could be 
detected in the medium during their utilization. G. musarum took comparatively 
long time in utilizing the hydrolytic products of these oligosaccharides although 
the rats of hydrolysis was fast. Formation of synthetic oligosaccharides was 
recorded in media containing sucrose, maltose and cellobiose. During the utiliza- 
tion of raffinose by Colletotfichum papayae an oligosaccharide was synthesized. Dry 
weight of mycelial mats showed a rise upto the end of incubation period of 15 
days, when the utilization of oligosaccharides or their hydrolytic products was 
slow. In other cases, it recorded a fall after 10 days or tended to become constant. 
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The first paper of this series (Kaul 1965^) is concerned with the seasonal 
morphological variants of the species and with its range and distribution. 

The second paper (Kaul 1 9654) seeks to analyse the various physiological 
and ecological aspects, involved in the problems centering around the motile 
phase of the life cycle fe,^ the seed output, seed longevity, type and depth of 
dormancy, seed viability and seed germination in relation to its growth and 
distribution in space and time. 

This, the third paper in the series, relates to the effects of edaphic and biotic 
factors on growth and occurrence of the species in India. 

Edaphic factors 

Xanthinm strumarium L. seems to be very much indifferent to the cdaphic 
factors since it grows in almost all the soil types of the world ; irrespective of their 
parent material, origin and nature ; in addition to the multifarious types of 
habitats and substrata as described by Kaul, (1965a). It is very much prevalent 
in the soils of Africa^ Australia, Gelyon, China, Germany and India, where it has 
been causing a great menace at one time or another, or is doing so at present. 

In India it grows in all the soil types that have been recognised by Kay- 
chaudhuri (1943). It grows in the red soils of Madras, Mysore, Southeast Bombay, 
east of Hyderabad, Madhya Pradesh, Orissa and Chota Nagpur in south ; and 
Bihar, Bengal, Mirzapur, Jhansi and Hamirpur districts of Uttar Pradesh in the 
north ; in the lateritic soils of Mysore, Travancore, Central India, the eastern 
Ghat Region of Orissa, south Bombay and parts of Assam ; in the black soils of 
Bombay, Kathiawad, Berar, the western parts of Madhya Pradesh, Hyderabad 
and some parts of Madras ; in the alluvial soils of Punjab, Uttar Pradesh, Bihar, 
Bengal, parts of Assam and Orissa, and in the coastal areas of southern India 
including the deltaic areas on the mouths of rivers ; in desert soils of Rajputana 
and Sind ; in saline soils of Bombay, Madras and other places of sea coast ; besidci 
in marshy soils of Travancore, Cochin, Sunderbans and south-east coast of 
Madras. 


*Part of a thesis submitted for Ph.D. Degree of Banaras Hindu University, 1959* 

^^Formerly at Department of Botany, Banaras Hindu University, Varanasi-5* 
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Characters of soils supporting large stands of X strumarium L. iri different parts of the country 
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Detailed observations of the soil samples collected from eleven parts of 
country, from places supporting large stands of Xanthium strumdrium L., showed 
great variations with regard to surface (loose friable— compact), consistence (non- 
sticky — very sticky), cementation (weakly cemented — indurated), structure (fine 
massive platy— coarse crumb— medium granular, single grain), texture (clay — 
gravel), compactness (easily penetrable — compact), colour (read from Munsell 
colour chart), pore space (42-68%, after Daubenmire, 1947), total soluble salts 
(1-2 X 10^ — 5-2X 10^, expressed in terms of conductivity meter reading), pH (5*2— 
8*0, Pye pH meter), CO3 (0-4, arbitrary scale for hydrochloric acid test), NOg 
(0-5-3, on an arbitrary scale of 4 degrees, after Misra, 1946), base deficiency (0-4 ; 
on an arbitrary scale of 4 degrees after Misra, 1946), reduct ivity (0-3, on an 
arbitrary scale of 4 degrees, r/. Misra, 1946) and organic matter (0-4, on an 
arbitrary scale of 4 degrees, cf. Misra, 1946) as represented in table L 

The porosity of the substratum affect the growth to some extent as the 
plants growing on substrata with high percentage of pore space showed better 
performance in terms of fresh weight of the shoot and its length as shown in 
table 11. 

TABLE II 


Pore space in relation to shoot length and fresh weight of Xanthium strumarium L. 


S. No. Locality 


Pore space Average measurement of plants/shoots 


% 


Height in cm. 


Fresh wt. in gm. 


1. Botanical Garden 

2. Bhelupur 

3. Ganges bank 

4. University area 

5. Durga Kund 

6. Sagar 

7. Pathankot 


52 

138 

511 

60 

176 

712 

58 

162 

812 

50 

128 

432 

42 

98 

321 

62 

168 

672 

32 

88 

228 


Biotic factors 

Owing to their unpalatability, the plants of this species are generally not 
eaten by cattle. In rare cases, the young apical buds of the mam shoot are 
Sbbled offby the sheep and goat. The effects due to this biotic operation are 
nraciically negligible as the plants generally regenerate from the lower nodes. 
l?e Plants do not get trampled under foot due to their habit, but may often be 
rut from the base by man for eradication from cultivated fields. Plants cut down 
the early growing season are often seen to regenerate from the lower nodes and 
Lwe rise to diffuse growths which flower and fruit in the normal way, and those 
cut down towards the decline of the growing season when they are at a mature 
s^ ge ripen fruits successfully provided that the anthesis has already occurred 

before the time of cutting. - t. i u 

Mice were found to eat away the seeds and the young seedlings in the labor- 
■^torvanTthey may perhaps be doing the same under the field conditions too, 
TlmLh a few fungal species have been reported to parasitize the plant (Agarwal 
1961 -^Rao 1962 etc.) these seem to do very little harm, if any at all, to it, Inspite 
if a great variety of insects flocking in great numbers around the plants, the latter 
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Arc rarely subject to their predatory effects. In the case of monsoon form a 
kind of megad (caterpillar) enters the stem through the base of the.petiole by 
making a hole there and eats the inside pith portion of the stem and roots, thus 
making them a bit hollow and weak. From Od to 2% of the mature plants have 
been found thus parasitized and except for the fact that th<!y m:iy be somewhat 
more easily broken off than the uninfected plants, they remain apparently un- 
harmed by borers. The hollow stems and the roots left by the horrors are usually 
occupied by ants, which in their turn seem to do the phuits Ihlht dtimage. The 
seed and the fruit produced by these plants is nevertheless almudant, healthy and 
viable as that produced by the uninfected ones. In case of the “winter” and the 
‘'winter-summer” forms, the leaves are sometimes damaged by predatory insects, 
but the damages are practically always negligible and the frequency of infection 
very low (0-01% or less). In the “winter-summer” form and more so in the 
“summer” form the female of the insect species Nuphsehra aulumnnta bores its way 
into the fruit and lays eggs on the ovary wall. I'his insect is rarely (i.«. in 1-2% 
cases) seen to attack the fruits with well developed seeds within and the frequency 
of attacks is greatest in case of the fruits containing ombryoless, shrivelled or 
even feebly developed seeds within, the latter being developed in response to 
unfavourable climatic conditions, especially in later growths. 

Xanthium sirtimaritim L. is self compatible and does not depend upon any 
biological agencies for pollination. It sets fruit when inflorescences are placed in 
cellophane bags and kept without artificial pollination. '1 he seeds from selling 
are found to be equally viable ai are those from cross pollination. 



Fig. 1. A thick and pure stand of Xanthium slrumarium L. along a i allway trac k at Katni. 

As far as the inter-spccific relationships arc concerned, Xtinlhium stiumarium L. 
(‘monsoon form’) is often found growing in pure stamhs of its own (Fig. 1), which 
sometimes or very often extend for miles along the railway tracks, roadsides and 
the river banks. Whenever in association with other species, it is always the 
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dominant or on progress towards dominance if the intrusion is comparatively 
more recent. The various causes for the high invading power of the species may 
be found in the following : 

/. High Reproductive and Aggressive capacity : 

Salisbury (1942) has defined the average reproductive capacity of a species as 
the product of the average seed output and the fraction represented by the average 
percentage germination and the potentiality to colonize and spread or the ‘‘aggres- 
sive capacity’* has often been represented by the product of average reproductive 
capacity and the average percentage survival of seedlings in its natural habitat. 

X, strumarium L.^ does not multiply by any other means except by seeds. 
It is, however, a prolific seed producer, the production varying with the vigour 
of vegetation. Seed production of high viability, is one of the prime qualities 
that counts for the aggressiveness of the species, in colonizing any unoccupieid or 
even occupied (by ^weeding out other species) ecological niche. Sample yelds, 
taken from two places in Varanasi, two from Sagar and two from Pathankot, 
showed an average seed production of 500-700 pounds per acre. The area may 
thus be seeded upto 200-300 per square meter. Seeds in most of the tests (Kaul, 
1965^) showed 70-80 percent germination on an average and the sprouting in most 
of the cases was seen to begin in 4-5 days. The rate of mortality of the seedling? 
was studied by laying permanent meter quadrats at 4 spots (where a large number 
of seedlings had appeared at the onset of the rainy season) and counting the num- 
ber of seeldings at regular intervals of 15 days in Varanasi. The percentage 
moitality was found to be very meagre, as low as 0.01-1%, as almost all of the 
seedlings at the selected 4 spots were seen to survive. The values for the repro- 
ductive and aggressive capacities are caluculated and found to lie in the range of 
300-400 for each. 

2. Rapid Root and Shoot Development of the Seedling and the Heavy Weight and Large 
size of the Seeds : 

The other important feature with regard to the aggressive potentiality of 
X- strumarium L. is the rapid growth of the shoot and root of the seedling, Ihe 
weekly rate of the root and shoot growth under cultural conditions in the growing 
season {i.e, rainy) are presented in Table III. 


table III 


Weekly rate of shoot and root growth (linear) in cm. in the rainy season 




Weeks starting on 

1-7-1957 

to 18-8-1957 



1 

2 

3 

4 

5 6 

Shoot 

, 

8-5 

15-8 

32-0 

43-5 

52-0 60-5 

Root 


6-8 

11-9 

20 2 

28-0 

POT BOUND 


As is apparent from table III the roots showed a very fast growth They 
did not grow only linearly but also showed a profuse f 

within only a few day s after sowing. Ihe roots ramified throughout the sml mass 
in the pot, till they became pot bound. The quick and 

roots brought the latter into contact with more and more Oi soil particles with 
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riie result that mote of nutrients could be absorbed by the roots and made avail- 
able to the growing shoots, which in response developed equally fast and m turn 
made huge quantities of photosynthates av.ailable to roots for their further growth 
and developrnent. As in culture pots, under natural conditions too (in the rainy 
seasonl the roots grow rapidly and except where the water table is very near to 
soil surface or the substratum is water-logged, the roots are very well developed 
within a few days time and they quickly occupy the sutlace soil. C-hnnenls, Weaver 
and ’Hanson (19'^9) have shown that water is the factor for which plant com- 
petition is usually the greatest. The deep tap root system alongwith a highlv 
developed system of laterals would enable A. L. to absorb enough of 

moisture from shallow as well as deep soil strata and tiuis to olfer a keen competi- 
tion for other species to grow in its association. In culture pots, when the seeds 
were sown alongwith the seeds of 25 species of grasses and forbes (especially from 
its common associates) the plants oi this species were seen to weed out the rest 
because of its more rapid growth. Even when the sowings were made after the 
associated species had already germinated, the seedlings of X. strumarium L. 
crowded out the other species. This could be said to be partly due to the heavy 
food reserve in the seeds which would sustain the rapidly growing seedlings 
during the early growth period, until tlieir roots reach the deeper strata — deeper 
than those already occupied and depleted of their nutrient content by the roots 
of the already growing species— of the soil and come to stand on tiieic own. The 
same was true "under natural conditions too, where the roots cpiickly occupied 
the surface soil and, therefore, tended to crowd out species that ilevelopetl more 
slowly. The roots of this species were always found to reach greater depths 
than those of the other associated perennial species of weeds or grtisses if the 
subsoil moisture lay at a greater depth. 


This combination of imusually prompt and almost complete germination 
together with the high rate of natural seetling .mil .tlso the l.ist toot anil shoot 
growth leaves little wanting in the way of the seedling plants. It is little wonder 
therefore, that it tends both to invade new areas am! to maintain its liohl on an 
area once occupied. The heavy natural seeding provided by A', .itramariuni, the 
rapid germination of seeds when conditions are favourable, tite raiiul root ami top 
growth made by the seedlings alongwith the high adjustability to the seasmial con- 
ditions prevalent in July-November growing season) all eucourttge thick and 
extensive stands that wc see around. Numerous counts, all acro.ss north, north- 
eastern and central parts of India, incidental to travel, showed large .stands 
varying from 80-300 (averaging 100) plants per sq. m. of the siieeics. Such density 
of population leaves no doubt that the area is intensely occupied ami makes 
clear why other species have difficulty in establishing themselves unless they get 
artificial aid. 


As an intruder the plant species was observed to enter cleared forest areas, 
herbaceous plant communities and every kind of vegetable and crop field. The 
most common associates, in communities other than its own, alongwith their 
abundance under different habitat conditions at Sagar are given in table IV. 


The plants of the other three forms would grow alongwith the typical plant 
species that are characteristic of such habitat coudiiioas. 'l lie plants may, how- 
ever, occur as solitary individuals, if the occurrence is caused by chance trans- 
port of the fruit. 
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tABLE IV 

Common associates oj X. stTurnarium L. under diffirent habitat conditions 


S. 

No. 


Species 


Scale of S. „ . Scale of 

abundance No. abundance 


A. Along sides of water channels D. Along pond beds 





15. 

Crypsis aculeata 

4 

1. 

Cassia tor a 

2 

16. 

Polygonum plebejum 

3 

2. 

Casiia obtusi folia 

2 

17. 

Mo Hugo lotoides 

2 

E, Level grounds 


18. 

Gnaphalium pulvinatum I 

3. 

Euphorbia geniculata 

1 

19. 

Argemone mexicana 

1 

4. 

Achyranthes aspera 

1 

20. 

Tngonella oculta 

1 

5. 

Euphmbia hirta 

1 

E. Roadside depressions 


6. 

Tridex procumbens 

1 

21. 

Helioiropium supinum 

2 

7. 

Juslicia simplex 

1 

22. 

Polygonum plebejum 

3 




23. 

Chro^ophora prostrata 

1 

C. Level grounds and slight depress 

ions 

24. 

Sutera glandulosa 

1 

8. 

Sporobolus diander 

2 

25. 

PotentilJa supina 

1 

9. 

Pasptdidium favidum 

1 

26. 

Plaslurtium indicum 

1 

10. 

Panicum Jlavidum 

2 

27. 

Argemone mexicana 

2 

11. 

Setaria glauca 

2 

28. 

Cochlearia fiava 

I 

12. 

Iseilema ant hephor aides 

2 

29. 

Cassia tora 

1 

13. 

Eragroslis tenella 

2 

30. 

Cassia obtusifolia 

1 

14. 

Panicum indicum 

2 

31. 

Gnaphalium pulvinatum 2 


1 — very rare; 2 — rare; 3 — infrequent; 4 — abundant. 


As far as rntraspecific competition is concerned, the plants growing in Ie« 
dense stands are often much branched from the base (the branches spreading and 
ascending). When densely crowded, the plants are tall, 60-150 cm. high and are 
little or not branched at all. The competition however tough it may be mav 
lead to reduced vegetative development, but rarely does it lead to elimination of 
the individual even in the most densely crowded formations. 


Culture Experiments 

Tim following three sets of culture experiments were conducted with regard 
to the effects of edaphic factor on growth, chiefly to understand the occurrence of 
the species m diverse habitats as rnenticned heretofore : 

(A) Effect of different soils (collected from different parts of the countiv) on 

germination and growth. ^ ^ 

(B) Effect of the various mixtures with soil, such as, sand, lime, coaL duns 

Kanhar, rubbish, cinder and tree litter, on germination and growth. * 

(C) Efect of salinity and various concentrations of K, Mg, Gu, Fe Zn and 

NO3 ions on germination and growth. ■ ’ 
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Effect of different soils on germination and growth : 

The importance of transplant experiments in understanding the growth ol 
plants in relation to edaphic conditions is shown by the experiments of the British 
Ecological Society and Carnegie Institute {Misva. and Puri, 1954). In the present 
experiment, 18 diifFerent soils of different origin, nature and composition (charac- 
ters given in table V) were collected from different parts of the country. Earthen 
pots were^ filled with these for testing germination and growth behaviour of 
X, strumarium L. in each. Fifty seeds were sown in each pot and pots were kept in 
the open. They were watered regularly to the same extent and also kept free 
from weeds. Out of the numerous seedlings produced only three were allowed to 
grow in each pot and the rest eradicated. The growth in terms of shoot length, 
dry weight of the shoot and fruit^number per plant was studied at the end of five 
months. The results are shown in table V. 

As is evident from table Y, germination was not affected at all by different 
soils. The growth exhibited, however, was distinctive, but even when at its lowest, 
i,e„ in soils 12, 13 and 18, the plants grew to 32-40 cm. height and ripened 70-80 
well developed fruits containirig viable seeds within. The ripening of the seed of 
the same size and weight by plants irrespective of the individualistic degree and 
magnitude of the vegetative growth was quite significant and was seen to be true 
even in cases where the plants could not grow to more than 3 to 5 cm, high under 
the prolonged conditions of physiological drought {viz-, seedlings grown in lime 
with restricted nutrient supply through watering ; or seedlings grown in pots, 
with extensively ramifying roots of parent plant in soil mass, the latter depleting 
the soil even of the last traces of nutrients). This phenomenon would probably 
explain the perpetuation of the species in situations ordinarily non- conducive to 
the proper growth. The species would thus survive by ripening viable seeds 
irrespective of better or poor vegetative development. 

B. Effect of sand, lime, coal^ dung, kankar^ rubbish, cinder and tree litter on germination 

and growth : 

The germination was indifferent to the nature of the substrata, as the results 
were same in all the cases, when supplied with sufficient moisture. The growth 
attained at the end of three and half months period in sand, coal, dung, kankar, 
rubbish and cinder was in general of a lower order than that attained by plants 
grown in soil, probably because of the paucity of nutrients under these conditions. 
The various mixtures of these with soil resulted in enhanced growth than in soil 
alone. The addition of these materials to soils, probably improved the nutritive 
status in some cases and the percentage pore space and water relations in others. 
There was a gradual decrease in growth with an increase in the lime content 
and plants grown in pots with a good percentage of lime to pure lime remained 
very much stunted as compared to their counterparts in other sets of experiments. 
But howsoever stunted the growth, the plant always produced viable seeds, 
despite limitations of growth and total seed output. The litter of trees enhanced 
growth to a great extent. Tree litter cannot therefore, be a factor for the absence 
of the species in forest areas (Kaul 1965^). 

C. Effect of Na, K, Cu, Fe, Mg, ions and jV^ on germination and growth : 

The growth was not very much affected by the addition of the following to 
the soil in culture pots (the pots were kept in the open, given only one application 
of the salt in the beginning and watered moderately throughout). 

1. Na 80-160 ppm soil in the form of Nad 

2. K 40-80 „ „ KGl 

3. Gu 20 „ „ GuSO^ 
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4. Pe 15-20 ppm soil in the from of FcSO,t 

5. Mg 25 „ „ MgSO^ 

6. Zn 50 „ „ ZnS(;\ 

The plants couldj however, withstand the concentrations of Na, npto 720 ppm 
(of soil), K (120 ppm of soil), Gu (50 ppm of soil), Fc (50 ppm of soil) Mg (120 ppm 
of toil) and Zn (50 ppm of soil), but the growth exhibited under higlicr doses of 
the salts was much limited. 

The noteworthy point in these experiments too, was the ripeuiug of the 
viable seed even on plants under the most stunted and depauperate tonn of 
growth. The addition of nitrogen, in the form of (NH JaSO.j,, upto the extent of 
120 ppm of soil was seen to enhance growth to a great extent. 

The other three forms also exhibited similar growth behaviour with regard 
to the edaphic factors. 

These forms were grown (from the seed collected in different seasons at 
Varanasi) in the 18 different soils, collected from different parts of the country 
(descriptions given in Table V) in transplant experiments and the comparative 
growth values in terras of dry weight of the shoot, attaimal in a period oi 3| 
mom hs (November, 1957 — February. 1958) under similar conditions are recorded 
in Table VI. 

TABLE VI 

Dry weight of shoot attained by various forms of X . sirumarinni L. in diff rent soils, 
collected from different parts of country, under 18 hours daily photojuaiod 
within a period of Vs months {November, 1951-February, li)b8) 




Dry wt 

. of shoot in |j 

pm iift<u' 5 

•V months 

Soil 

Locality from 

- 

.. 



No. 

which collected 

Monsoon 

Winter Wintr 

‘r*'iSummcu 

' Summer 



form 

form 

iorm 

form 

J. 

Tilak Bhodan, Nizamabad 

48-3 

22-0 

18-0 

21-5 

2. 

Akbarnagar 

148-3 

48-5 

40-5 

42-0 

3. 

Sagar I 

960 

40-0 

38-0 

23-0 

4. 

Sagar II 

85-5 

30-5 

42-0 

18*0 

5. 

Sagar III 

95-5 

3G0 

34-0 

35*5 

6.- 

Bapatla 

101-5 

40-5 

42-0 

28*0 

7. 

Shillong, Assam 

75-0 

39-0 

30 0 

20-5 

8. 

Ramnagar, Jammu 

102-0 

49-0 

32-5 

42-0 

9. 

Jammu 

153-0 

600 

4!l-0 

45-0 

10. 

Jorhat, Assam 

460 

20-0 

28-0 

15-0 

11. 

Jabalpur 

110-0 

58-0 

560 

38-5 

12. 

Ootacamand 

36-0 

12-0 

18-0 

16-5 

13. 

Hyderabad (Dn) 

32-5 

14-5 

200 

12-0 

14. 

Balaghat 

104-0 

43-0 

36-() 

46-5 

15. 

Ganges banks, Varanasi 

58-5 

29-5 

2! -5 

23-5 

16. 

Karwanbeer, Varanasi 

46-0 

34-0 

20-5 

12-0 

17- 

Coimbatore 

37-0 

10-5 

no 

13-0 

18. 

Jaipur 

68-0 

33-5 

18-0 

25-0 
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The most important feature to be noted from Table VI is the characteristic 
minimum and maximum growth values in terms of the dry weight of the shoot for 
each form for similar soils, inspite of the fact that the growth was very much 
circumscribed by the seasonal effects (will be discussed in a later paper in the 
series). This would probably indicate a similarity between the endogenous 
rhythm of the various forms towards the adjustability to the edaphic factor, which 
in turn would very much suggest their origin from the same stock. 


Discussion 


Much has been done and said about the role of the edaphic factor in govern- 
ing the growth and distribution of plants. While authors like Miller (1938), 
De Silva (1934), Kosalva (1934), Hewetson (1951), Bharucha and Dubash (1951) 
and Pearsall (1952) laid emphasis on single factors such as pH, NO 3 , basic ratio, 
exchangeable calcium etc., Dastur and Saxton (1922) and Misra (1944) attributed 
much to the varying soil types. Weaver (1938) reported such factors as water 
content, aeration, soil structure and nutrients to be greatly effective and he 
further observed that certain species possessed a high degree of plasticity which 
others lacked in. Similarly Robinson (1947), Daubenmire (1947), Costing (1948), 
Gorham (1954), Weaver (1938) and many others have laid great stress on the 
relation between the soil characters such as moisture, configuration of surface, 
mechanical and chemical properties of the surface, (i.e,, soil texture, soil structure, 
soiU^eration, organic matter component, soil moisture and air, soil solutes, soil 
pH, salinity, basicity, etc.) and finally on the mechanical and chemical properties 
of subjacent rocks. 

Xanthium sttumarium L. possesses a genetical amplitude that allows its growth 
under diverse substrate conditions. 


The species is capable of growth in red soils, lateritic soils, black soils, 
alluvial sods, desert soils, forest soils, saline soils, besides in marshlands and 
waterlogged habitats, 

Thoush the magnitude and degree of growth may vary with reprd to vary- 
ing soil surface, soil consistence, soil cementation soil structure, g.d texture and 
compactness, soil colour,, pore space, total soluble salts, so 1 pH, GO 3 , JNUg base 
defickney, soil reductivity and soil organic matter, yet the species exhibited a 
wonderful capacity of perpetuation even under very adverse 
by ripening a few to many viable seeds irrespective of very much stunted and 

depauperate vegetative growth. 

Both in field and under culture conditions the species was seen on 

diverse habitat conditions and was besides able to withstand the addition of 
relatively high dosages of salts of various minerals to the substratum. 

Edaphic factor in general could be said to not to be very much effective in 
restricting or making its growth possible in a particular niche as has been advocat- 
ed bT.„.hor “itc Millet (1938), Peanall a952) etc 

the distribution pattern ot various plant lotnis. The indi^ffetence f,„d a sreat 
soecies to the varying edaphic factor would on the other hand lend a great 
support to Shreve’s|l951) statement that “the character of 

ance aside from its penetrability and retentiveness with regard J 

enhemerals. The depth, structure and mineralogical origin of soils, all so 
important to perennials mean little to ephemerals. The perennials as linked to 


[ 213 ] 



the standard are affected by the whole complex of the physical and biotic condi- 
tions that make up the habitat. The deeply penetrating roots exploit the subsoil 
moistures.’* 

The soil transplant experiments seem to be very much interesting. The 
various forii s of Xanthiam strumarium L. showed the minimum and maximum 
growth values in the same soil type. This would probably indicate a similarity 
in the endogenous rhythm and the physiology of the various forms with regard to 
the edaphic factor. The similarity in the endogenous rhthym in tlie clilFerent 
forms would in turn point to their origin from the same phylogcnitic stock. 

In the transplant experiments too, the fact that the plants of the various 
forms did in no case fail to ripen the viable seeds irrespective of very much 
stunted growth was very much distinct and obvious. 

In addition to edaphic and the climatic factors plants are subject to the 
direct and indirect influences of other living organisms in their environment. 
Among these are bacteria, fungi, viruses, green plants and animals. Man himself, 
from the standpoint of a plant is merely one of the factors in its environment. 
The biotic factors not only disturb the physical sorrounclings but also allcct plant 
life directly (Misra 1959). The latter facts have been considered in terms of 
disjunctive and conjuctive symbiosis by McDougall (1918). Clements (1929) gave 
the terms ‘"action”, “reaction” and “co-action” with regard to the influence of 
the environment and organisms among and in between ther^uselvt's, r<\spectively. 
Stewart and Hull (1949) felt tliat no ecological study could be complete without 
recognition of miscellaneous interrelations of other living organisms. 

Xanthiurn sirumc'tmnlu, is not grazed upon by cattle and nor is it severely 
parasitized by any bacteria or fungi. 

Due to its high reproductive capacity and the rapid growth of seedlings the 
species offers much competition to other species and thereby flows from point to 
point, place to place and from state to state through pathways that arc bereft, of 
life or even stocked with life at times. 

The wonderful power of regeneration when cut even to the base or eradicat- 
ed and the maturation of viable seeds even on tiic cut plants or uprooted ones 
also stands it in a good stead. 

Like soil factor, biotic factors also do not at all inlerlcre with its growth 
and spread and if there is any kind of action, interaction or co-action at any 
time, it is to the benefit of the species and to the detriment of its associates' ^ 


Summar y 

Xanthium strumarium L. is indifferent to most changes in the edaphic factors 
and grows in a variety of soil types and other substrata such as refuse cinder 
compost heaps, etc. ’ ’ 


Culture experiments have revealed the species to be capable of growth in a 
number of soils of different origin, nature and composition (tlicsc wci'c collected 
Irom different parts of the country) and under the additiou of high dosages of 
lime, dung, Na, K, Fe, Gu, Zn and Mg. salts to the substratum. This would 
probably explain the growth on saline soils and along the crop fields. 

This species is not exposed to any significant biotic disturbanco under natural 
growth. Its aggressive capacity and success in competition with associates ?n 
p ant communities are due to high reproductive capadty, large sixe and weigh” 
ot the seed and fast growth of shoot and root of the seedlings. ^ weignt 
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The profusely developed root system offers a great competition for wateri 
and nutrients to other species which generally succumb to it and thus give way for 
its mass invasion and establishment into dense stands. 
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fWO NEW SPfeCIES OF NEMATODES FROM BiRi3S^ 

By 

MISS VINOD AGRAWAL 

Department of Zoology, University of Lucknow, Lucknow, India 

[Received on IStii April, 1965] 

Acuariidae Seurat, 1913 

Acuariinae Railliet, Henry and Sisoff, 1912 

Synhimantus ardeai sp. nov. 



Fig. L Male — Anterior region. Lateral view. Fig. 6, Spicules. 

Fig. 2. Male — Anterior region enlarged. Lateral Fig. 7. Female — Anterior end — showing;. 

view. ^ tricuspid cervical papillae. Lateral view 

Fig. 3. End on view. Fig. 8. Female tail. Ventral view. 

Fig. 4. Male tail. Ventral view. Fig. 9. Female tail. Lateral view. 

Fig. 5. Male tip of tail. Ventral view. Fig. 10, Female tail. Lateral view. 


*Part of thesis accepted for the award of Ph.D. degree from Lucknow University, Lucknow. 
The paratype and holotype specimens of the f orms described in this paper will be deposited 
in Dr, G. S Thaper’s Helminthological Collection, Lucknow, U, P., India. 
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A large number of male and female specimens were recoveted from tlift 
stomach and rectum of a heron, Ardea cinerea Linnaeus at Lucknow. 

Description 

Body elongated, cylindrical and medium sized ; a slight diUcrencc in size 
of sexes ; male thinner. In end on view, at sides of mouth opeming two triangular 
conical lateral lips. Each lip bears two small symmctricar papill^ie on outer 
scurface. A pair of amphids situated laterally. On each corner of head, terrain i- 
tion of cordons also visible. Two lateral alae extending throughout body length. 
Cuticle thin, finely striated, 0 02-0 14 mm. apart in male and 0*03-0 16 min, 
apart in female. 

Male 

Body 8*06 to 9 26 mm. long, 0-22 to 0*33 mm. wide. Head, 0*05-0*08 mm. in 
diameter with recurrent, anastomosing cuticular cordons extending posteriorly 
0*41 to 0'45 mm. from anterior end, then tinning forward to end some distance 
beyond nerve ring 0*23 to 0*27 mm. from anterior extremi'y. Cervical papillae 
tricuspid, posterior to cordons 0*54 to 0*64 mm. from anterior extremity. A4outh 
leads into a short cylindrical vestibule, 0*05 to 0*09 rann long. Club shaped 
esophagus divided into two parts, an anterior narrow and niuscular portion, 0*83 
to 0*89x0-05 to 0*08 mm. in size and a posterior wide and glandular portion 
2’2 to 2*98x0*11 to 0*16 mm. in size. Entire esojihagiis 3*07 to 3 97 rnra. long. 
Nerve ring 0*24 to 0 28 rom. and excretoiy pore 0*28 to 0*315 nun. from anterior 
end. Tail bluntly rounded at tip 0*07 to O' 11 ram. long, caudal end ciuled 
ventrally and forms two turns of a spiral. Caudal alae broad and wtdl developed 
extending upto tip of tail, 0*48 to 0*95 mm. long. Eight jiairs of [ledunculited 
caudal papillae with four pairs preanal and four pairs postanal. Ercanal papillae 
of either side form two groups of two each. A pair of })basinids observetl near tip 
of tail. Spicules tubular, alatc, unequal and dissimilar. Left spicule sliortcr 
terminating into two spike like processes 0*17 to 0*31 rnra. long, |)rovided with 
swollen root having a bell shaped expansion from wliicli tip of si)iculc projects 
out ending into a sharp pointed end. Right spicule, 0*78 to 0*87 ram. ioug. 
Gubernaculum absent. 


Female 

Body 1 1-21 to 12-81 min. long, 0-35 to 0-43 mm. wide. Head O-O.') to O'OP rrmi. 
m diameter with cordons extending to 0-52 to min. from anterior end of 
body, then turning forward to end below nerve ring 0*25 to 0*30 rnra. from 
anterior extremity. Cervical papillae tricuspid posterior to cordons 0*09 to 
0*72 mm. from ariterior end. Mouth with a short cylindrical vcsibulc 0*05 to 

0 09 mm. long leading into a long esophagus having an anterior muscular part 

1 9 ^ ^ glandular posterior part 1*56 

to 3 38x0 12 to 0 20 iti size. Entire esophagus measuring 2*64 to 4*48 mrn. 

amfrioi^^elH"“T f excretory pore 0-31 to 0-41 mm. from 

n n m,!^, f I'O'inded at tip invaginated into a sheath 0-05 to 

n- 9 't f posteriof end of L'ody cxtremcly closc to anus 0'096 to 

Discussion 

‘lie genus Synhimanlus Raillict, Henry, and 
bisott, 1912. Ghabaud et Campana-Rouget (1949) divided the genus into two 
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sub'genera viz. S ynhimantus and Desportesius. The sub-genus Desportesius parasitic 
in ardeiforrnes is characterised in having a single female genitalia opening posteri- 
orly near the anus, cordons wider in their posterior region with spines always, and 
cuticle vesiculated. The sub-genus Synhimantus parasitic in raptores is charac*^ 
terized in having double female genitalia, vulva in the middle of body, cordons 
having same width for their entire length without spines and cuticle normal, 
Yamaguti (1961) has suppressed the genus Desportesius Ghabaud et Gampana- 
Rouget, 1949 regarding it as a synonym of the genus S ynhimantus. The author is 
in agreement with Yamaguti as the presence or absence of spines in cordons in the 
specimens having a single female genitalia opening posteriorly near the anus are 
variable characters. 

Synhimantus ardeai sp. nov. resembles 5. invdginata (Linst, 1901) ; 5. brm- 
caudal us (Duj., 1845) ; S, sagittatus (Rud., 1809); 5. raiUieti (Skrj., 1924); S, orientalis 
(Wu, 1938) ; S. spinulatus Ghabaud et Gampana, 1949 ; S» equispiculatm var. 
spinulntus Ghabaud et Gampana, 1949 and S, canadensis Mawson, 1956 in 
having vulva near the anus and cordons wider at the posterior end. However, 
it differs from all of them in the absence of spines in the posterior region of 
cordons. 

Only two species ol the gtnm Synhimantus viz. S, invaginata (Linst., 1901) and 
S, nana Maplestone, 1931 from birds have been described so far from India. 
iS. ardeai sp, nov. differs from S, invaginata in having lateral alae throughout the 
body length, in the number and disposition of anal papillae and in the size and 
shape of spicules of which the shorter spicule has two spike like processes at the 
posterior end S. ardeai sp. nov. can also be distinguished from S, nana in having 
vulva close to anus. Accordingly it is regarded as new with the specific name 
Synhimantus ardeai sp. nov. 

Host : Ardea cinerea Linnaeus 
Location ; Stomach and rectum 
Locality : Lucknow. 


C 219 ] 



Fam/jf-Subuluridae Yorke and Maplcstonc. 1926 
6'ai /amtiji-Subulurinac Travassos, 1911 

Subulura albai sp. nov. 



Fig. 11. Male— Anterior end. Latral view. 

Fig. 12. Male— Anterior end showing teeth. Ventral view. 
Fig. 13, End on view. 

Fig. 14. Male tail. Veatro lateral view. 

Fig. 15. Male- tip of tail. Lateral view. 

Fig. 16. Male tail showing alate spicules. Lateral view. 
Fig. 17. Female— Anterior end. Lateral view. 

Fig. 18, Female tail. Lateral view. 



lour TTiaies and three females of which two fem:s]rs are damatyed at tiie 
posterior end were recovered from the stomach of an owl Tyto alba ScopoViM 
Lucknow. ^ 

Description 

Body slender, cylindrical, small to medium sized, anterior end curved in 
form of a hook and posterior end attenuated. Three large strongly chitinized 
teeth with sharp points situated at base of buccal cavity measuring *)-025 to 
0*04 mm. long in male and 0*032 to 0*09 mm. long in female. In end on view 
naouth surrounded with six small papillae arranged in two lateral series, A pair 
of amphids situated laterally. Cuticle thin and finely striated. Lateral cervical 
alae broad, finely striated transversely extending from anterior end for a distance 
of about 0*61 mm. and with a maximum width of about 0*04 mm. in male 
narrow in female and extend upto end of bulb. * 

Male 

Body IMl to 11*70x0*22 to 0*31 mm. in size. Head 0*085 to 0*10 mm. 
in diameter. Two small cervical papillae posterior to nerve ring at 0*42 to 
0*48 mm, from anterior end. Mouth opens into a long cylindrical vestibule, 0*085 
to 0T3 x0*05 to 0 6 mm. Esophagus club shaped dilated posteriorly and follow- 
ed by a more or less spherical bulb, rnea.^uring including bulb, 0 91 to 0*97 x 0*10 
toO’llmm. Prebulbar swelling 0*10 to 0*11 mm. thick. Nerve ring at 0*26 
to 0*30 mm. and excretory pore 0*31 to 0*40 mm. from anterior extremity. Caudal 
alae broad and extend upto tip of tail. Tail sharply pointed and curved, 0*20 to 
0*27 mm. long including short terminal spike. Anal sucker spindle shaped, 0*09 
to 0*14 mm. at 0*34 to 0*39 mm, from cloacal aperture. Eleven pairs caudal 
papillae with four pairs preanal : two pairs adanal ; and five pairs postanal. Two 

pairs preanal papillae, long, pedunculated lying on sides of anal sucker and two 

pairs between adanal papillae and anal sucker. Two pairs adanal papillae close 
together near cloaca. Two most anterior postanal papillae larger ; two pairs 
more lateral in position and remaining three pairs small near median line. 
Spicules similar, equal and alate, broader at anterior end and sharply pointed 
at posterior end, measuring 0*78 to 0*88 mm. in length, Gubernaculum slender 
or slightly curved, 0*10 to 0*13 mm. in length. 

FemsLle 

Body 17*95x0*37 mm. Head 0*09 mm. in diameter. Two small cervical 
papillae 0 46 to 0*49 mm. from anterior end. Cylindrical vestibule 0*09 to OTOx 
0*06 to 0*07 mm. Prebulbar swelling 0 11 to 0*12 mm. thick. Esophageal bulb 
0T9 to 0*21x0*14 to 0 18 mm. Nerve ring at 0*29 to 0*32 mm. and excretory 
pore 0 34 to 0*49 mm. from anterior end. Tail 0*71 mm. long, narrows near tip 
to form a fine terminal spike. Vulva preequatorial, slightly anterior to mid 
region of body, 7*04 to 7*5 mm. from anterior end. In specimens measuring 
17*95 mm. in length, vulva lies at 7*04 mm. from anterior end. Eggs oval, 0*02 
to 0'04x 0 019 to 0*030 mm. 

Discussion 

The present form is referred to the genus Subulura Molin, 1860. Twelve 
species of this genus have been described so far from birds and mammals from 
Indiz. viz,, S, dijfferens (Sonsino^ 1890); 6'. olympioi Barreto, 1919; S, galloperdicis 
Baylis et Daubney, 1922 ; 5. muUipapillat a {Chs^ndler^ 1926) ; S, turnicis Maplestone, 
1931 ; 5. andersoni (Gobbold., 1876) ; H.hindi Mirza, 1936; S. indica Khera, 1956 
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and S. vulpis Kheia, 1956. Ingiis (1958, i960) considered that S. distans (Rud., 
1809) is synonym of S. turnicis ; iS. indica synonym ot Tarsiibulura perarmata (RclzeL 
1868) and S. lulpis— synonym of Oxyncma data (Mazhar, 1933). Yanuiguti (1961) 
considered that .S'. Hindi is synonym of andersoni, 'fhe author is in agreement 
with the above authors. The present form has close re.Hunblancc with S, olympioi 
and 5. gdloperdicis in having 11 pairs of caudal papillae. S. albai sp. nov. ciiOeis 
from S, olympioi in the extension of lateral alae a little anterior to bulb, in larger 
size of specimens, in having well developed caudal alae, in tlie arrangement of 
anal papillae and in having the longer tail. Further S, albai sp. nov., can also be 
distinguished from 6*. in the absence of a spur at the anterior end ol 

gubernaculura, in having broad cervical alae and in the arrangement oi preanal 
papillae. Accordingly it is regarded as new with the specific name Subulura albai 
sp, nov. 

Host : Tyto olba (Scopoli), 

Location : Stomach. 

Locality : Lucknow. 

Summary 

Syiihimntus ardeai sp. nov. from .the stomach and rectum of a heron, Ardea 
cinerea and Subulura albai sp, nov. Irorn the stomach of an owl, lyto alba have been 
described. 
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QUANTITATIVE STUDIES ON THE INTERSTITIAL CELLS OF THE 
TESTES OF AMER MELAJ^OTUS (AVES, ANSERES) 

By 

P. N. MEHROTRA 

University Department of ^oology^ Ranchi University, Ranchi 
[Received on 6th March, 1965] 

Intiroductioii 

Studies on the interstitial cell cycle of vertebrates have been mostly under- 
taken to ascertain the relationship between the periods of sexual cycle, activity 
of seminiferous tubules, quantity of interstitial cells and the development of 
genital tracts and secondary sexual characters. It has been thought that if the 
interstitial cells are responsible for the production of the hormone, the amount 
of these cells in the different phases of the sexual cycle must be an index 
of the rate of the secretion of the hormone. Whereas many investigators have 
recorded a marked parallelism between interstitial cell cycle and cyclical 
changes occurring in the seminiferous tubules, in other cases a marked antagon- 
ism between the two has been reported and in a few cases any periodicity in the 
interstitial cells has been completely denied and in still others the presence itself 
of interstitial cells has been doubted. 

The studies on the interstitial cells of birds have so far been only of a 
qualitative nature and no attempts have been made by any investigator tn 
estimate the quantitative changes in the interstitial cells of avian testis. ^ Many 
investigators seem to have confused between the quantity of^ interstitial cells 
relative to the germinal tissue and the total number of interstitial cells present. 
The present paper gives an account of interstitial cell cycle (quantitative) in the 
testes, of Ariser melanotus. 

Material ai&d Methods 

After being taken from the freshly caught adult specimens, four to five of 
which were dissected every month, the long axis and maximum diameter of each 
testis were measured. The volume of the testis was subsequently calculated 
by using Rowan's modification of Bissonnette and Ghapnick’s formula (1930). 
V= 4 / 37 r {ol2Xbj2)\ where V represents the the volume of the testis, ‘a’ the long 
axis and the maximum diameter. 

Small pieces of testes were then fixed in different fixatives e.g. Mann’s fluid, 
Bouin Allen (P. F. A. 3), Zenkers fluid etc. As suggested by Baker (1945) better 
results were obtained when in Zenker’s fluid, Potassium dichromate was substi- 
tuted by Ghromic acid. Sections 6/^ were cut and the slides stained in Delafield s 
haematoxylin and eosin or in Mann’s methyl blue and eosin. The latter stain 
gives a very precise differentiation of interstitial cells and fibroblasts and was 
very useful in leydig cell counts. Better results were obtained if during the 
upgrading process, 2-3 drops of Ammonia were added to a tube of 90% alcohol. 

The technique used by Groome (1940) in Pteropus was very useful in the 
quantitative estimation of interstitial cells present in the testis in the different 
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phases of the sexual cycle. The radius of a particular field under the micro- 
scope was measured fay an ocular micrometer and as the thickness of each section 
was known^ the volume of a particular field in view could be calculated. , The 
number of interstitial cells visible in each field was counted. About thirty to 
forty fields representative for each month were examined and the mean figure of 
interstitial cells per field caculaled. 


Total number of 
interstitial cells = 
per testis 


Volume of the testis X Mean number of 
interstitial cells per field 

Volume of the field 


Observations 

The productive cycle of Anser melanotus may be divided into four phases : 

(1) Reproductive phase **• January to March 

(2) Regressive phase April to June, July 

(3) Refractory phase ... July to September 

(4) Progressive phase ... October to September. 

Table I gives a quatitative estimation of interstitial cells in the testis cycle 
of Anser melanotus. 


Discussion 

Studies on the interstitial cell cycle in the testis of birds or of other animals 
have generally been of a quantitative nature only and very few attemiits have been 
made to study the quantitative changes in the interstitial cells. In fact in birds 
no attempt at all has been made in this direction. 

Among those who have reported a parellelism between the act ivity of intersti- 
tial cells and the progress of spermatogenetic activity and maturation of testis 
tubules, mention may be made of Allanson (1931 and 1934), Aron (1924), Craig 
Bennet(1931), Courrier (1921), Friedman (1898), Herlant (1933), Hohn (1947), 
Groome (1940), Kehl (1944), Marshall (1949) Miller (1939), Moghe (1949), 
Rasmussen (1917), Reiss (1923), Shattock and Seligmann (1914), Sluitcr and van 
Oordt (1947) and Vivien (1938). 

Bissonnette (1930), Blanchard (1941), Ghampy (1923), Grouch (1939), Dutta 
(1945), Humphrey (1921), Lecaillon (1909), Mehrotra (1941), Misra (1941 and 1949), 
Pezard (1918), Seshachar (1941), van Oordt (1924) and Watson (1919) on the other 
hand have reported an inverse relationship between interstitial cell cycle and 
activity of the seminiferous tubules. 

Bullough (1939) in Phoxinus laevis, Herlant (1933) in the grass snakes, Roberts 
in the Gentoo penguin {Pygoscelis papua) and Stieve (1919) in the curopean jack- 
daw wow^ifu/a) did not find any correlation between the development of 

interstitial tissue and the stages of the sexual cycle. Blount (1929) observed in 
the horned toad Phrynosoma solare that the volume of the irtdividual interstitial 
cells is greatest during the breeding season but after that the volume decreases 
whereas the number of interstitial cells is increased. 

It is interesting to note that for the same animal two sets of observations 
arc on record. In Gasterosteus aculeatus whereas van Oordt (1924) recorded an 
inverse relationship between the interstitial cells and spermatogenetic tissue, 
Graig Bennet (1931) found an existing parallelism between the two. In 
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gseulenta also“^wThereas Aron (1924) observed that synchronously with the prolifera- 
tion and activity of spermatogenetic tissue, there is a proportional increase in the 
quantity of interstitial cells. Champy (1933) denied any correlation at all between 
the two. 

A perusal of Table 1 shows that the interstitial cells in the testes of Anser 
melanoius ha'* e their maximum strength in January and February. It is during 
the period that the birds are most active sexually and spermatogenesis proceeds 
in full swing in the testes tubules. From March onwards accompanying th^ 
retrogression of the testes, there is a decrease in the number of interstitial cells. 
It is interesting to note that even though the interstitial cells reach their minimum 
strength in May, the testes do not reach their minimum volume till September* 

TABLE I 

Qjuaniitaiive esiimation of interstitial cells in the testis cycle of Anser melanotus 
Radius of the microscopic field ... T9 mm. 

Thickness of the sections ... 6 


Month 

January 

February 

M ai ch 

April 

May 

Tune 

July 

August 

September 

October 

ISfovernber 

December 


Average No. of 
interstitial cells 
per field 


Average testis 
volume ol the 
left testis 

039836 cu.mm. 
397525 cu.mm. 
077507 cu.mm. 
019951 cu.mm. 
010267 cu.mm. 
008488 cu.mm. 
004773 cu.mm. 
004773 cu.mm. 
002887 cu.mm. 
01( 267 cu.mm. 
013975 cu.mm. 
023571 cu.mm. 


Total number 
of interstitial 
cells 

292,130666 

331,270833 

258,356666 

093,104666 

020,534000 

022,634666 

054,094000 

159,100000 

153,306666 

225,874000 

279,500000 

2749950000 


Tn months of August to September after the postnuptial testes meta- 
morpSsis JTmopoStk focii in the Testes. Following the proliferat.on of the 
morpnosis, of cells begins to appear in the mtertubular spaces, 

lymphocytes, a ne g ^juvenile interstitial cells” described by Marshall 

S LdSe.. cSJ’ l.cribed by Slui.er .„d v.n Oo.d. (1947) The 

(ly^yj prefer to call them as “wandering celU or the undiffer- 

present author „ cells”. Subsequeutly from September to November, 

entialed ^late'lipoids and transform into lipoidal interstitial 

these wandermg cell accumulate ^ of wandering cells into the 

cells. 1 be interme i described and discussed by me elsewhere (Mehrotra, 

iswr’^In November and December all the interstitial cells in the testes of Anser 

melanotus are lipoidal. •. i. j . 

The lipoidal interstitial cells with many vacuoles and few mitochondria 
in their cytoplasm now change into fuchsinophile cells with abundant mitochon- 
^“ia andTo vacuoles. The conversion of the lipoidal cells into fuchsinophil? 
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cells proceeds iii the moath of January anJ February which are the peak periods 
of sexual activity. By February, when spermatogenetic activity of the tubules is 
at its peak, almost ail the interstitial cells are fuchsinophile. 

Thus the present study on the interstitial cells of Anser melanoius clearly estab- 
lishes that there exists a parallelism between the quantity and quality of inter- 
stitial cells and the progress of tubule activity. In the birds Bissonnette (1930), 
Blanchard (1941), Grouch (1939), Mehrotra (1941), Misra (1941 and 1949), and 
Watson (1919) have reported an inverse relationship between the development of 
interstitial cells and progress of spermatogenitic cycle. My observations on the 
testes cycle of Anser melanoius agree with those of Benoit (1923), Hohn (1947), 
Marshall (1949 and 1951) and Siuiter and van Oordt (1947 and 1949) that the 
periodic changes in the number of interstitial cells look fewer in the mature 
testes but taken absolutely, there takes place a definite increase in their number. 

Sinmnary 

A quantitative estimation of interstitial cells in the different phases of the 
testis cycle of Anser melanotus establishes that with the overall enlargement in the 
testis volume and ripening of the tubules, there is an accompanied increase in 
the number of interstitial cells, though relative to the spermatogenetic tissue they 
look fewer. 

Haemopoietic focii appear in the testicular interstitiurn in the Rcfractoiy 
phase of the testis cycle. Following the proliferation of the lym[)hocytcs in tlm 
intertubular spaces, a new generation of wandering ctdls or undiiFcrentiatcd 
mesenchymatous ceils begins to appear. The wandering ceils later accumulate 
lipoids and transform into lipoidal interstitial ceils. During tlic reproduclive 
period the lipoidal cells transform into fuchsinophile cells wilii abundant mito- 
chondria and no vacuoles. 
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APOMIXIS IN PASPALUM I : PASPALUM DILATATUM POIR^ 

By 

D. N. SINGH 

Department of Botany^ Science College^ Patna-S, India 
[Received on 30th November, 1964] 

Introduction 

Apomixis is common in the flowering plants especially in Gompositae 
Rosaceae, and Gramineae, For the Gramineae, Nygren (1954) listed apomixis 
in 35 species of 11 gener i, and Brown and Emery (1958) found apomixis in 43 
species out of 72 species studied. Usually polyploid and perennial species of 
grasses are apomictic although many polyploid and perennial species are sexual. 
Kennedy (1900) for the first time described the structure of the embryo of 
Paspaturn pubiflorum glabrum. Since then number of species of Paspalam have been 
studied : occassional apospory in P. scrobicalatum (Brown 1958) ; apomixis in 
P. notatum (Burton 1948) ; P. secans (Snyder 1957) ; and P. hartwegianum and 
P. melacophyllum (Brown and Emery 1958). Shadowsky (1926) and Bennett (1944) 
have published accounts of the embryology of the pasture plant P. dilatatum. In 
tracing the developmental history of the embryo Bennett paid particular attention 
to the rate and sequence of the growth of its various parts. Herbariums of 
Paspalam dilatalnm collected from different parts of the world in The Royal Botanic 
Gardens. Kew, are found variable and polymorphic. The present paper deals 
with the cytology and embryology of different accession of Paspalam dilatalnm to 
elucidate the cause of its polymorphism. 

Materials and Methods 

Seeds wore received from Nigeria by Mr. W. H. Foster, from The Botanic 
Gardens, Toulouse, France, and from The National Botanic Gardens, Lucknow, 
India. Seeds were grown in glass house specially adapted to provide humid 
tropical conditions at Queen Mary College, London, and in *The Chelsea Physic 
Gardens, London. 

Young root tips of seedlings and young anthers were used for chromosome 
studies. Root tips were pretreated with 0*002 M 8-hydroxyquinoline for three 
to four hours before fixation. The fixing fluid used was acetic alcohal. The 
acetocarmine or Feulgen sqash technique was used for staining chromosomes. 
Photomicrographs were taken while the preparations were still temporary. Slides 
were made permanent in Euparal after the usual dehydration. 

Material for the study of megasporogenesis and megagametogenesis was 
fixed in either Belling’s Navaschin or acetic alcohol. Before fixing, the florets 
had been removed from the inflorescences and the distal half of each floret had 
been cut off in order to facilitate penetration of the fixing fluid. The glumes and 
lemma were removed prior to embedding, because the glumes were sufficiently 
h^ird to cause difficulty in sectioning. The sections were cut 10 to 5/^ thick and 
stained with Heidenhain’s ironhaematoxyline, iron alum being used as a mordant 
and picric acid as a destaining agent. 

Some of the preparations were photographed under the microscope and 
others were drawn using the camara - lucide. 

' Hth a part of the thesis submitted for Ph.D. degree of University of London, 
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Observations 


Cytological studies : The material from Nigeria and India showed cytologi- 
cal similarities, 50 chromosomes being observed in root tip mitosis. In the French 
material chromosome numbers ranging from 40 to 63 were found in different 
root tips (Fig. 1). In meiosis, in the material from India and Nigeria, 10 univa- 
lents appeared at diakinesis and metaphase I (Figs. 2 A-G) and at anaphase I, 
where univalents remained as laggards, sometimes separating into chromatids' 
which passed to the poles of the same division (Figs. 2 D-F). In dyads, some 
chromosomes were left outside the interphase nuclei near the point of septum 
formation (Figs. 2 G-I). In tetrads and pollen grains 1 to 4 chromosomes or 
micronuclei were seen outside the nuclei (Figs. 2 J-L). It is clear, therefore, 
that there is a definite loss of chromosomes in microsporogenesis. The further 
embryological study contributes evidence of apomixis in this species. 

_ Development of Ovule : The ovule is anatropus (Fig. 3). The archesporium 
consists of one cell. It is distinguished by its large size, dense cytoplasm and 
prominent nucleus. The cell divides perclinally into two cells — an outer perietal 
cell and inner primary sporogenous cell. By this time the inner integument 
primordium is formed and elongated to envelop the nucellus. The outer integu- 
ment becomes well defined. The cells in the micropylar region of the nucellar 
epidermis subsequently undergo three to four periclinal divisions to form rows of 
six cells (Figs. 4 A-G). 


The stricking fact in this species is the frequent collapse and degenera- 
tion of the primary sporogenous cell prior to the onset of meiosis (Figs 4 B C) 
Adjacent to this degenerating cell one or more enlarged nucellar cells are seen 
(Figs. 4 B, G). 

_ Origin of Embryo-sac The embryo-sac develops from one of these pro- 
minent nucellar cells. The nucleus divides to form two nuclei, one migrates 
towards the micropylar and the other towards the chalazal end (Fig 4 C) Each 
one further divides to form four nuclei at each end ; afterwards one nucleus 
from either end moves towards the centre (Fig. 4 E). Tire egg nucleus enlarges 
to a much greater extent than the two synergid nuclei. The 8-nucleate embrvo- 
sac differentiates into a mature gametophyte which is morphologically of the 

da wC T? synergid, an egg, two polar nuclei and three antipo- 

• 19 r ifi j antipodal cells usually undergo further divisions to fonn a 
12 to 16-celled antipodal tissue (Fig. 4 F), comparalde with that found in many 
grass species, e.g. Pflr/aium rrru/ir (Snyder 1957). Each cell may contain one to 
lour nuclei as in Paspalum scrobiculatum (Narayanswami 1954). The plant thus 
1950).^^^™^ ^ apospory (Gustafsson 1946) or somatic apospory (Maheshwari 

Pseudog^y : The pollen tube enters the embryo- sac by penetrating the 

Sr lying olos. 

\ 4 ii). Two male nuclei and a smaller vegetative nucleu*? nrp imicni 

observed in the pollen tube. The synergids and pollen tube nucS have been 
observed stil lyinginthe embiyo-sacwhen a 64-celled embryo has devdopS 
Embryo development begins before or about the time of antS. 

_ Embryogeny: Generally the young embryo develops advcntitinuslv ; it 
arises from nucellar cells (Fiff 4 An i ^ aavcntitiousiy, t.e, jt 

from the ep*fr ^K^cr 4 embryo ih also sometimes developed 

^ two embryo devcloo one from th<^ f-atr 

and the other from a nucellar cell (Fig. 5), but po^embryonV^ nev« seen thl 
mature seed ; one of these embryos therefore fails to deSp fj. ” 
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i^- Different stages of microsporogencs;<. 

(H) Dyad stage, Lcl!i are in in"emhasr whd^ "’’"«n«cleus, 

— "ear the septum^ hile some univalents which have been left 

Micronucleus is included in one dyad 


(E) 

(F) 

(G) 


(I) 

(J) 

(K) 

n \ 



■j* 



Fig. 5. 
Fig. 6. 


T ci nfembrvo-sac. Two young embryos are 

t)alumdilatatum • - * the^other developing trom a nucellar 

ivelopiuo: irom '-ss 

: L. S. of mature embryo. 




>*‘r, ■ Different stages of megasporogencsis and Einbryogeny. 

(A) Primary megasporocyte, / © / 

Degenerating megasporocyte and a enlarged nucellar cell 
D1 W f®’*’ degenerating cell between tbem, 

of development of < he female gamctophy.,c 

(F) Mature embryo-sac with considerable antipodal tissue ’ 

mt developing from egg cell. Pollen tube with nuclei are also seen 

unfcrtiHred'o'''^° in the preLnee of the' 

uniertiilzed ovum and the male cells. 


The first division of cell which is going to form an embryo is transverse 
"giving rise to a bigger basal cell, known as the suspensor cell, and an upper 
small cell which divides further transversley and longitudinally to the 64-ceiied 
embryo. 

Structure of Mature Embryo : Further development of the embryo follows the 
course described by Bennett (1944) for this species, and by Kennedy (1900) in 
Paspalnm pubifloram. No epiblast is seen in the embryo. It has a long radicle. 
The scutelluin bundle is inserted some distance from the plumule and there is 
only one seedling leaf in the mature embryo (Fig. 6). 

Endosperm : The endosperm nucleus starts dividing after the embryo has 
attained 64 cells. No evidence suggesting the union of a male nucleus with a 
polar or secondary nucleus was found. Several unfertilized shrunken ovules 
were seen with numerous endosperm nuclei. These are apparently formed by the 
division of the polar nuclei but presumably fail to develop into endosperm 
as there was no stimulus either Irom the pollen tube or male nuclei. 

There are 70 to 80 percent seeds found non-viable and shrunken, presumably 
no embryo develops in them. 

: Discnssiou 

In Paspalum dilatatum the occurence of meiosis in the magaspore mother cell 
is of little importance since this always degenerates and the functional embryo-sac 
is a purely somatic cell originating from the nucellus. Meiosis in the pollen 
mother cell, however, may be of "fundamental importance here ; this meiosis is 
irregular (Figs. 2 A~L) and the irregularities also exists in the pollen grains so far 
as their genomic build up is concerned. Since the stimulus for embryo develop- 
ment here is the entry of the pollen tube into the embryo-sac complete with tube 
nucleus and male cells, which are seen at the end of the open tube (Figs. 4 G, H,), 
it may well be that the viability or non-viability of these male cells deter- 
mines the viability or non-viability of the resulting seed ; since it is clearly 
possible that fusion of a male cell with the polar nuclei may be needed for 
endosperm development. This may be the reason for the necessity of pollination, 
despite the parthenogenetic nature of the plant ; and the fact that only 20-30 
percent viable seeds are formed, 

* • Inmost pseudogamous species such as Allium ^ odor us [Modiltw ski 1930), 
Potentilla species (Rutishauser 1943), Poa species (Akerberg 1943, Hakanson 
1943), Partheniam incanum (Esau 1946), Paspalum secans (Snyder 1957) and Panicum 
maximum (Warmke 1954), the embryo begins to develop autonomously and even 
precociously, but the endosperm will not develop unless it is fertilised. * Pollina- 
tion and partial fertilization are therefore essential for continued growth of the 
embryo and endosperm. 

Reports from other authors on Paspalum dilatatum Poir are as follows : in 
mitosis, Brown (1948) found 2a == 40, Krishnaswamy (1940) 2n = 50, Smith 
(19^8) 2a = 40, Hayman (1956) 2n = 50. In meiosis, Hayman found 10 univa- 
knts and Smith 20 univalents. Both these authors found regular or nearly 
regular behaviour of the univalents. Like many other pseudogamous apomictic 
soecies, Paspalum dilatatum has irregular meiosis (Gustafsson 1947 ; Darlington 
1937 * Harlan 1949 ; and Gelarier and Harlan 1957). Previous records in the 
genus (Brown 1958 ; Brown and Emery 1958) show that apomixis is common, 
being found in nine species, which are polyploid and perennial, although five 
polyploid and perennial species are sexual. Paspalum scrobiculatum is recorded as 
both apomictic (Brown 1958) and sexual (Narayanswamy 1954), 
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Being an apomictic species Paspalum dilalatum should have been non-viable. 
But polymorphism in this species may be due to the fact that if contains chromo- 
some races with 2n = 40, 50 and 63. Occassional hybridization and its segre- 
gants may also be another factor for polymorphism. An embryo with 2n ~ 63 
could have arisen by fusion of an egg cell with 2n = 40 and an aneuploid male 
nucleus with n =23. 

Summary 

1. Chromosome races have been found in Paspalum dilatatum Poir with 
2n = 40, 50 and 63. 

2. Meiosis is irregular. Univalents of Metaphase I form niicronuclei in 
tetrads and pollen grains. So there is a definite loss of chromosomes in miro- 
sporogenesis. 

3. Megasporogenesis and the breeding behaviour indicate aposporous and 
pseudogamous in Paspalum dilatatum. 

Frequent collapse and degeneration of the primary sporogenous cell prior 
to the onset of meiosis is observed. It is from one of (he enlarged nucellar cells 
lying adjacent to the degenerating cell that embryo-sac develops. Embryo arises 
tiom nucellar cells. As early stage polyembryony have been observed. Endos- 
perm does not develop without fertilisation. Pollination and partial fertilisation 
are essential for the growth of the embryo and endosperm. 

4. Mature embryo has a long radicle and no epiblast. Only one seedling 
leaf is found. 

5. Polymorphism in Paspalum dilatatum is attributed to chromosome race 
and its hybrid nature. 
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Part III 


THE MUSCULATURE OF THE HEAD OF MYRMELEON LARVA 
(NEUROPTERA, MYRMELEONIDAE) 

By 

R. P. SRIVASTAVA* 

Department of Z°°^ogy, University of Udaipur, Udaipur 

Introduction 

The change over of piercing and sucking types of mouth parts of the larvae 
of several Neuroptera to chewing type of mouth parts of their adults presents an 
interesting problem for morphological investigation, particularly the comparative 
study of the cephalic musculature of larvae with that of the adu.ts. There are 
many lacunae in the detailed knowledge of cephalk musculature itself besides 
the general morphology of the Neuroptera as a whole (Crampton, 1917, 1921, 1920; 
Ferris and Pennebaker, 1939). As for example the works of Lozenski (1908) and 
of Withveombe (1925) on the larvae of Myrmeleon and Plantpennia mpectively lack 
details of the cephalic musculature. Crampton (1921) and Das (1937) also 

restricted their studies only to the musculature of the maxillae and the labium. 

Plowcver, Rober (1941), Kramer (1955) and Heinz (1961) have attempted to 
study the cephalic musculature of the larva of isialis, Corydalus and Osmylus 
respectively. 

Further a rich assemblage of Neuropterous insects having different habits 
and habitats e.g. predatory and parasitic, aquatic, semi-aquatic and terrestrial is 
expected to modify cephalic musculature accordingly. Thus amongst these 
ksects an opportunity is available to make a comparative study of morphological 
patterns of Lphalic Musculature and to correlate them with their diverse feeding 

^^'"'^This paper deals with for the first time the cephalic musculature of the 
larva of an Indian Myrmeleon. The homologies of its cephalic appendages with 
the plan of rgeneralised insect have also been discussed. The cephalic muscul- 
ature of the adult Myrmeleon will be published as part two of the present study. 

Material and Method 

Full grown Myrmeleon larvae were collected from the field situated near the 
urbao looSu, ot Ad.nh N.gar, Ajme, (Iddia). A large „„mb,r otspeo.meM 

Agricultural Experiment Station, University of Udaipur, Udaipur. 
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were found around a iocal plant, Polyalihta longifolia. The larvae were killed and 
preserved in a solution of chloral hydrate and phenol. Dissections were done 
under stereioscopic binocular microscope in 70% alcohol. 

Head 

The head of Myrmdeon larva is triangular and dorsovenlrally compressed. 
The mouth parts are broadly articulated to the anterior margin of the epicranium. 
Due to lack of well marked sutures the sclerites of the head are not distinct. The 
head is bordered posteriorly by the post-occipital ridge (Fig. 1, POOR). Ihe 
occipital suture (Fig. 1, OCS) is very faint and as such the extents of the region 
of the occiput are not clearly marked. The coronal suture (Fig. R GS) is indist- 
inct but the frontal arms (Fig. 1, FS) of the eedysiai cleavage line arc prominently, 
disposed anterolaterally ; they extend on each side up to the region between the 
bases of the antennae and the ocelli. Just below the frontal ai'ms there lies a 
small median area, the frons (Fig. 1, FR). The clypeus (Fig. 1, CL) is present 
between the labrum and the frons. The clypeal sutures arc not visible. The 
labrum (Fig. 1, L) is fairly broad. Its anterior margin is characterised by the 
presence of a median notch. The outer margin of the labrum possesses thick 
spicules ; the two middle spicules incline deeply towards each other. 

The sides of the head constitutes the genae (Fig. 1, O). An anterior projec- 
tion of the genal area, on either side of the head, bears the antenna. Each 
antenna is divisible into a scape, pedical and a long flagellum consisting of 
fourteen segments (Fig. 1, FL). A group of seven ocelli is present at the sides of 
the head adjacent to the base of the antenna. 

On the ventral side of the head the labium is represented as a large plate 
(Fig. 2, LB). From this plate arise two labial palpi (Fig. 2, LP). The basal 
joint of each labial palpus is very much enlarged. I'hc mandibles (Fig. 1 
and 2, MD) are attached at the sides of the anterior margin of the head. 
Each mandible is beset with a number of small and large pointed spicules. On 
the ventral side of the mandible lies a groove wherein the long sickle shaped 
blade of the maxilla (Fig. 2, MX) fits. Each maxilla besides having the long 
sickle shaped blade also possesses two triangular plates, the stipes and cardo (Fig 
7, ST, G) at its base. 

Tentorium 

The tentorial bridge, (Fig. 3, TB) which is formed by the union of anterior 
and posterior tentorial arms, appears like an arch. The anterior arms (Fig, 3, AT) 
are large and strong. The dorsal tentorial arms (Fig. 3, DT) arise as thin 
sclerotised offshoots of the anterior tentorial arms. The posterior arms (Fig. 3 
PT) are short and blunt. According to Withycombe (1925) the posterior arms 

of the tentorium show a tendency to atrophy in the members of the family 

Mymeleonidae. 

Muscles of the labrum 

Lateral labral muscles are paired, each of which arises from the dorsolateral 
aspect of the frons and is inserted on a small apodeme situated ori the postero- 
lateral corners of the labrum (Fig. 4 : 1). 

Dorsal labral muscles are paired (Fig. 4 : 2), They originate together from 
the midposterior region of the frons and are inserted medially on the base of 
the labrum. 
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Gompressof muscles of the labrum are small and paired (Fig, 4 : 3). They 
are situated inside the labrum itself connecting its ventral and dorsal walls. 

The contraction of the lateral and dorsal labral muscles brings retraction 
of the labrum, whereas the compressor muscles are responsible for the compres- 
sion of the dorsal and ventral surfaces of the organ. 

Muscles of the mandible 

Lateral mandibular extensor is fan shaped (Figs. 5 and 6 : 4) and arises from the 
gena to be inserted on an elongated tendon at the outer lateral end of the 
mandible (Fig. 6, TN). 

Mesal mandibular flexor muscle is thick and forms the greater bulk of the 
head capsule. It originates from a large area including the vertex, occiput and 
a part of gena (Fig. 5 : A, B, G). The fibres of the muscles at their origin are seen 
disposed off in three large groups ; they then converge to form a common tendin- 
ous base. The latter is attached to a highly sclerotised condyle situated on the 
lateromesal aspect of the base of the mandible. 

The heavy musculatures of the mandibles in this insect bears a special 
significance since they are used for grasping and piercing the body of the prey. 
The contraction of the huge flexor muscle brings such a forceful flexion of the 
mandible that they get inserted deep into the body of the prey. The extensor 
muscle on contraction brings relaxation of the grip. 

Muscles of the maxilla 

Cardo-cranial muscle is some what fan shaped (Fig. 8 : 6). It originates from the 
lower genal area of the cranium and is inserted on a raised tendinous projection 
of the cardo. 

Cardo-ientorial muscle (Fig. 8 : 7) arises from the tentorial bridge and is inserted 
on the ventral face of the cardo. 

StipUal-tentorial muscle originates from the tentorial bridge and is inserted on 
the base of the stipes (Fig. 8 : 8). 

Stipital-cranial muscle is long and cylindrical (Fig. 8 : 9) and originates from 
the posterior genal area of the cranium to be inserted on a sclerotised part of the 
distal lateral edge of the stipes. 

Dorsal and ventral muscles of the maxillary blade are two in number (fig. 8 ; 10 
and in They arise from the mesal aspect of the base of the stipes and are inserted 
on the dorsal and ventral aspects of the wall of sickle shaped prolongation of the 
maxilla . 

Muscles of the labium and hypopharynx 

The hypopharynx does not form a free lobe. It is coalesced with the postero- 
dorsal surface of the labium. The muscles associated with these organs are 
as follows : 

Proximal median ventral muscles are small and paired (Fig. 9 ; 12). They 
originate from the middle region of the labial plate and are inserted together on 
the ventral aspect of the latter. 
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Lateral retractor mascles are paired each of which originates from the tentorial 
bridge to be inserted on the outer lateral aspect of the base of each labial palpus 
(Fig. 9 ; 16). 

Dorsal retractor muscles are paired (Fig. 9 ; 13). They originate from the 
tentorial bridge and are inserted on the base of the labium. Tliey do not origin- 
ate from the gula as was described by Kramer (1955) in Corydalus larva and Maki 
(1936) in Chauliodes formos anus. 

Ventral retractor muscles are paired (Fig. 9 ; 14), run ventrally to the dorsal 
retractor muscles, and originate from the ventral aspect of the labial wall to be 
inserted on the base of the labium. 

Muscles of the salivos are paired (Fig. 9 ; 15). They originate from the 
midlateral aspect of the labial wall to be inserted on each side of the opening of 
the salivary duct. 

Muscles of the labial palpi are the extensor muscles ; in each palpus two 
extensors are present. The first extensor muscle (Fig. 9 ; 17) originates from the 
base of the first segment of the labial palpus and is inserted on outer lateral region 
of the segmental joint present at the opposite side of that very segment. The 
second extensor muscle (Fig. 9 ; 18) which originate.s from the base of the second 
segment of the labial palpus also shows an identical disposition. 

Hypopharyngeal muscles are paired, each of which originates from the tentorial 
bridge, runs ventral to the pharynx, and is inserted to the hypopharynx (Fig. 10 ; 
19). The mouth angle retractor muscle described by Kramer (1955) in Corydalus 
larva is absent in the larva of Myrmeleon. 

Muscles of the pharynx 

All the pharyngeal muscles originate from the head capsule. The contrac- 
tion of these muscles dilates the pharyngal cavity and as such they are often 
designated as dilator muscles. A group of six muscles is inserted on the dorsal 
wall of the pharynx while another group consisting of two muscles is inserted on 
the ventral wall of the pharynx. 

The first muscle (Fig. 10 : 21) originates from the anterior frontal region of 
the head and is inserted on the anterior aspect of the pharynx. It lies behind the 
cibarial muscle (Fig. 10 ; 20) which is made up offour to six bundles of fine fibres. 
The second muscle (Fig. 10 ; 22) is inserted on the pharynx anterior to the brain. 
The third, fourth and fifth muscles (Figs. 10 ; 23, 24, 25) are inserted on the 
pharyngeal region which corresponds to the area occupied by the brain. The 
sixth muscle (Fig. 10 ; 26) is inserted on the pharynx posterior to the brain. 
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EXPLANATION OF FIGURES 

Fig. 1. Dorsal view of the head. 

Fig. 2. Ventral view of the head. 

Fig. 3. Posterodorsal view of the tentorium. 

Fig. 4. Partially dissected frontoclypeal apotomc to show the labral muscles. 

Fig. 5. Dissection of the head to show the mandibular muscles. 

Fig. 6. Dersal view of the mandible with mandibular muscles. 

Fig. 7. Dorsal view of the right maxilla. 

Fig. 8. Dorsal view of the dissected maxilla with its muscles. 

Fig. 9. Dorsal view of the dissected labium to show the labial muscles. 

Fig, 10. Lateral view of the foregut wit cibarial, pharyngeal and hypoparyngeal muscles 


ABBREVIATIONS 

AN — Antenna. AT — Anterior tentorial arm. BR — Brain. G — Cardo. CL — Glypeus, CS — 
Coronal Suture. DT— Dorsal tentorial arm. FL— Flagellum. FR—Frons. FS— Frontal suture. 
Q. — Gena, L — Labrum, LB — Labium. LP— Labial Palp MD — Mandible. MTH — Mouth. 
MX— Maxilla. OG'— Ocelli. OGS— Occipital suture. P— Pedicel. POCR— Post-occipital, 
ridge. PT— Posterior tentorial arm. FTP'— Posterior tentorial pit. S— Scape SG— Sub- 
Oesophageal ganglion. ST — Stipes. TB — Tentorial bridge. TN— Tendon. 

1 — Lateral labral muscle 2 — Dorsal labral muscle. 3— Compressor muscle. 4 — Letcral man- 
dibular extensor. 5 — Mesal mandibular flexor. 6 — Cardo-Cranial muscle. 7 — Lateral cardotento- 
rial muscle. 8— Stipital tentorial muscle. 9 — Stipital cranial muscle. 10— Eorsal muscle of maxil- 
lary blade. 11— Ventral muscle of maxillary blade. 12— Proximal median muscle. 13— Dorsal 
retractor muscle l4— Ventral retractor muscle. 15— Muscles of Salivos. 16- Lateral retractor 
muscle 17— First extensor of labial palpus. 18 — Second extensor of labial palpus. 19 — Hypo- 
pharyngeal muscle 20— Cibarial muscles, 21-26 — Dorsal pharyngeal muscles. 27-28— Ventral 
pharyngeal muscles. 
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iiisciission 

The presence of mesa! mandibular flexor rnuscle and absence of ventral 
adductors in the mandibles of larva suggests that its mandibles are 

essentially of orthopteroid type. Further evaluation of their morphological and 
evolutionary status, however, involves the consideration of all the types of mandi- 
bles met with among different neuropterous larvae ; generally two types of mandi- 
bles are found, straight type and curved type. The straight mandibles are 
found in the larvae of the members of the families, Ithonidae, Conioptcrygddae, 
Osmylidae and Sisyridae. The curved and fang-like mandibles are present in the 
larvae of the members of the families Polystoecholisdae, Clirysopidae and 
Myrmeleonidae. According to Withycombe (1925) the two types bf mandibles, 
straight and curved, represent two lines of evolution. 

The curved jawed series is, however, regarded as primitive in comparision 
to the straight jawed series on the basis that the members with first type of 
mandibles have evolved concurrently with the habit of preying upon more active 
animals and their curved mandibles help them in providing a stable method of 
holding active prey. 

The homology of the long maxillary blade which fits in the ventral mandi- 
bular groove to form a sucking canal, needs a careful evaluation. According to 
Tiilyard (1917) the maxillary blade represents galea ; lacinia and palpus being 
absent. Grampton (1917) considered it to be the fused palpifcr, palpus and 
galea of a normal maxilla. Withycombe (1925) regarded it to be the lacinia. To 
the present author also the maxillary blade of Mytrneleon larva appears to be 
lacinia. This contention is based mainly on a comparison of the maxilla of 
Myrmelmn larva with that of Sialis in which the galea is very small and the lacinia 
is almost like that of the former. 

Grampton (1917) regarded the labium as fused guhir and mental regions. 
Withycombe (1925) considered the whole structure as only the labium. He furtlier 
maintained that the labial plate of myrraeleonid forms is tlic fused mentum and 
eulabium ; the gular region has ceased to exist owing to the cncroacinnent of gena. 
On the basis of the present studies the homologies of the different parts of 
labium of Mpmeleon larva may be evaluated as follows : since llic insertion of the 
the proximal median ventral muscles is on the ventral aspect of the labial plate, 
the latter region belongs to prementum (Snodgrass, 1935). Further the origiix of 
these muscles, as a rule, is from the postmentum (bnodgrass, 1935) hence the 
region from where they originate i.e, middle region of the labial plate, should be 
considered as the postmentum area of the latter. The facts mentioned, there- 
fore, help us to infer that the labial plate of Myrmcleon larva is a composite 
structure formed by the fusion of pre-and post-mentum. 

Summary 


The head and mouth parts of the Myrmeleon larva along with their muscul- 
ature have been described. 

The homologies of cephalic appendages have been discussed. 
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This paper deals with the influence of various inorganic and organic sources 
of nitrogen on the growth of Cercospora hibiscina, C, uitbaniae and C, orotalariae. 
The earlier paper (Thind and Mandahar, 1964) dealt with the effect of different 
carbon compounds on the growth of the same three Cercospora spp. 

Materials and Methods 


The materials and methods were the same as already described by the 
authors in their earlier paper (Thind and Mandahar, 1964). ^ 

The basal medium used throughout the present studies had the followintr 
composition : Dextrose, 20 g ; KH^PO^, 5 g ; MgSO^. 7HaO, 0-5 g : Fe. (SO \ 
6H^O, 0-005 g ; and distilled water, 1000 ml. The basal medium was divided 
into various lots depending upon the number of nitrogen compounds to be studied 
and these lots were sterilized at 15 lbs per square inch steam pressure lor 15 
minutes. Various nitrogen compounds were dissolved separately in distilled 
water and were then added, after sterilization, separately and aseptically to the 
remainder of the various lots of the basal medium. Fach nitrogen comoound 
was used in amount calculated to give 693 mg. of nitrogen per litre which amount 
IS present in 5 g of KNO 3 per litre of the basal medium. 

Potasskm nitrite was used as the sole source of nitrogen in the basal 
medium when its effect on the growth of the fungi at different hydrogen-ion- 
concentrations was to be observed. The basal medium was divided into 10 lots 
To ffo' 7? '"s-O rneter, after sterilization, to 3-0. io, 

LhCI ^^®P®c^^vely by the addition of KOIi 


Standardized mycelial suspension was used as inoculum for each funuus and 

Experimental Work 

^92 7 inorganic and 24 organic 

for the low?h amides) compounds were tested as sole sources of nitrogen 

wL colWt^ a spp. The data on dry weight and final pH 

were collected as usual and are summarized in Table I-III below. * 
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TABLE I 

Effect of different inorganic nitrogen sources used singly on the growth of C. hibiscina 
and G. withaniae after 24 days incubation at 28^0 and on the growth of 
G. crotalariae after 12 days incubation at 26 C , initial pH adjusted to 6'0 

C. hibiscina G. withaniae C. crotalariae 


Nitrogen source 

Dry wt., 
mg 

Final 

pH 

Dry wt., 
mg 

Final 

pH 

Dry wt., 
mg 

Final 

pH 

Control (No nitrogen) 

0 

6-0 

0 

6-0 

0 

6-0 

Potassium nitrate 

180 

6-4 

175 

6-4 

190 

6‘4 

Sodium nitrate 

192 

6-7 

168 

6-7 

184 

6'4 

Potassium nitrite 

0 

6-0 

0 

6-0 

0 

6*0 

Ammonium nitrate 

146 

2-8 

164 

3-0 

145 

31 

Ammonium sulphate 

154 

2-8 

158 

3-0 

152 

3-0 

Ammonium chloride 

132 

3-0 

168 

3 0 

148 

3-0 

Ammonium phosphate 

176 

3 8 

180 

4-7 

164 

4-6 


Inorganic Nitrogen Sources : 

The data summarized in Table I indicate that none of the three fungi made 
any growth on potassium nitrite and in the absence of nitrogen while all of them 
made good growth on potassium nitrate, sodium nitrate, ammonium sulphate and 
ammmium phosphate. Ammonium nitrate and ammonium chloride supported 
good growth of C. withaniae but fair of C. hibiscina and C. crotalariae. Out of the 
four ammonium salts used, ammonium phosphate supported better growth of 
these fungi than the other three ammonium salts. 

The growth of all the three fungi resulted in a little rise in a final pH of 
media containing potassium nitrate and sodium nitrate, while it resulted in 
conspicuous fall in final pH in medium containing any one of the four ammonium 
salts. However, the fall in final pH was less with ammonium phosphate than 
with other three ammonium salts. 

TABLE II 


Effect of hydrogennon concentration on the utilization of KNO^ by G. hibiscina and 
G. withaniae after 24 days incubation at 28X and by G. crotalariae after 
12 days incubation at 26^C 


Initial pH 

C, hibiscina 

Dry wt., Final 
mg. pH 

C. withaniae 

Dry wt., Final 
mg pH 

C. crotalariae 

Dry wt., Final 
mg. pH 

3 

0 

3-0 

0 

3-0 

0 

3-0 

4 

0 

4-0 

0 

4-0 

0 

4-0 

5 

0 

5-0 

0 

5-0 

0 

5-0 

6 

0 

6-0 

0 

6-0 

0 

6-0 

7 

12 

7-4 

125 

7-5 

155 

7-5 

8 

16 

7-4 

130 

7-9 

124 

7-9 

9 

15 

7-5 

112 

8-4 

100 

8-0 

10 

8 

8-4 

80 

8-5 

76 

8-4 

11 

0 

8-6 

5 

8-6 

16 

8-7 

12 

0 

9-5 

0 

9-5 

0 

9-5 
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TABLE III 

Effect of different organic sources of nitrogen used singly on the growth of C. hibiscina 
and G. withaniae aftet 24 days incubation at 28^G^ and on the gtowth of 
G. crotalariae after 12 days incubation at 26°C, initial pH. adjusted to 6'0 


Nitrogen source 

C. hibiscina 

Dry wt.. Final 
mg pH 

C, withaniae 

Dry wt., Final 
mg pH 

G. crotalariae 
Dry wt., Final 
ing pH 

Control (No nitrogen) 

0 

6-0 

0 

6-0 

0 

6-0 

Glycine 

215 

6‘4 

115 

6-2 

204 

5-8 

Dl“«-alanine 

215 

6-3 

200 

6-1 

265 

6T 

/5-alanine 

256 

7-0 

90 

5-9 

195 

5*5 

Dl- valine 

168 

5-8 

98 

5-7 

180 

5-2 

Dl-norvaline 

74 

5-9 

16 

5-8 

166 

5*6 

L-leucine 

75 

5-3 

60 

5-0 

138 

5-0 

Dl-leucine 

73 

5-3 

55 

5-0 

140 

5-0 

D+leucine 

56 

6-1 

55 

5-1 

45 

5-0 

Dl-serine 

214 

6-5 

160 

5-9 

180 

6-2 

Dl~threonine 

155 

5-8 

110 

5-8 

224 

5-6 

Dl-aspartic acid 

246 

7-5 

190 

7-2 

225 

7-4 

L-glutamic acid 

238 

7-0 

225 

7-2 

235 

7-0 

Dl-lysine mono HCl 

220 

4-0 

62 

4-9 

182 

3-0 

L-lysine HGl 

210 

4-1 

65 

4-5 

170 

3-0 

L-arginine mono HGl 

195 

5-1 

120 

5-8 

75 

3-5 

L~cystine 

40 

5-4 

34 

5-5 

112 

5-2 

Dl-methionine 

85 

4-8 

40 

4-9 

115 

4-2 

Dl-^-phenylalanine 

125 

5-9 

73 

5-8 

78 

5-3 

L-proline 

205 

6T 

90 

6-2 

228 

5-5 

L-tryptophane 

210 

5-8 

97 

6-1 

125 

G4 

L-histidine mono HGl 

155 

6-1 

196 

6-1 

195 

3-5 

Dl-histidine 

156 

6-1 

192 

G-1 

170 

3-5 

L-asparagine 

218 

7-2 

140 

G-3 

195 

G-2 

Urea 

200 

7*0 

98 

6-9 

124 

7-0 


Effect of hydrogen-ion-concentration on the utilization of KNQ^ : 

It is clear from the results summarized in Table II that none of the three 
fungi under study made any growth on the acidic pH range of 3'0-6'0 while they 
made poor, fair or good growth on the alkaline pH range of 7-0-1 TO. Thus 
C. AitoctM made poor growth at pH 7-0-10-0 and none at pH 11-0 and 12-0; 
C. withaniae made fair growth at pH 7‘0-10-0, poor at ll'O and no growth at 12*0 ; 
C. crotalariae made good growth at pH 7-0, fair at pH O-O-IO'O, poor at 1 1-0 add 
no growth at 12-0, 
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Organic Nitrogen Sources : 

It is clear from Table III that Dl-'a-alanine, Dl-serine, Dl-aspartic acid, 
L~glutamic acid, Dl-histidine and L-histidine were all good sources of nitrogen 
for the growth of the three fungi under study. Glycine, /S-alanine,^ Dl-valine, 
Dl-threonine, L~proUne and L-asparagine were all good for C, hibiscim and 
C. crotalanae but fair for C. withaniae. L-and Dl-leucine were fair for C. hibiscim and 
C. crotalariae but poor for C. withaniae. L- and Dl-lysine were good for C. hibiscina 
and C, crotalariae but poor for G. withaniae. L-tryptophane and urea were good for 
C. hibiscina hut fair for G. withaniae and G. crotalariae. Dl-norvaline was good 
for G, crotalariae^ fair for G. hibiscina and poor for C. withaniae. D+leucine served 
only as a poor source of nitrogen for the growth of all the three fungi, while 

-phenylalanine supported their fair growth. L-arginine was good for C. hibu 
scina but fair for G. crotalariae and G. withaniae. L-cystine was fair for C. crotalariae 
but poor for the other two. Dl-methionine was fair for C. hibiscina and 
C. crotalariae but poor for G. withaniae. 


Discussion 

All the three fungi studied here made good growth on the potassium nitrate 
and sodium nitrate. An enormous number of fungi worked out by many workers 
have been reported to utilize nitrates well. However, some fungi such as Pemcil- 
Hum digitatum (Fergus, 1952), Schizophyllum commune (Swack and Miles, 1960), 
T hraustochytrium spp. (Goldstein, 1963), and others either cannot utilize nitrates 
or utilize them only poorly. 

All the three fungi under study made fair to good growth on the various 
ammonium salts used. An overwhelming majority of the fungi are reported to 
use ammonium nitrogen well. There are only a few fungi such as Coprinus Lagopus 
and Pleurotus corticatis (Leonian and Lilly, 1938), Blastocladiella emersonn 
and Gantino, 1952), Sapromyces elongatus (Golueke, 1957) and Phytophthora fraganae 
(Davies, 1959) which have been reported to be unable to utilize ammonium 
nitrogen. 

The growth of the fungi on ammonium salts as the nitrogen source is closely 
related to the fall of pH of medium as a result of ultization of the ammonium ion. 
Cochrane (1958) states : ‘^One of the best established physiological correlates o^ 
ammonium assimilation from such salts as the sulphate, nitrate or chloride is the 
rapid and often quantitatively large drop in pH consequent upon preterential 
Utilization of the cation.” This large fall in pH can drasucally reduce and even 
entirely stop the growth of the fungi. Many such fungi have been 1 sted by Coc^ 
rane (1958). On the other hand, Pai (1953) reported a gradual and slow fall in pH 
on ammonium sulphate medium by the growth of 

iliforme. However, this slow fall in pH allowed consi^derable growth of Ae fungi 
before it reached the inhibitory level. This probably also holds good for the 
three Cercespora spp. studied here, where fair to good growth of them may be 
consequent upon the presumable steady but slow fall ^ 

inhibitory level of 2-8 or 3-0 on the ammonium sulphate, chloride and nitrate 
media.* ^However, the fall in final pH with ammonium phosphate is not so great 
Zh S-S 4-7 and 4 6 in the case of C. kibheina, C. withaniae and C. emta/ame respec- 
tively) with the result that this supports better growth of these fungi than the 

Other three ammonium salts. 


^That tie pH shifts in the case of three spp. are gradual on media containing 

anmonium salts is dealt fully in a separate paper entitled “Utilization of ammonium nitrogeu 
by the fungi” which is being sent to the Press soon. 
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None of these three fungi made any growth on potassium jiitrite as the 
sole source of nitrogen at their optimum pH values (6.0). Fungi, in general, do 
not utilize nitrite for growth at their usual optimum pH values, which are gener- 
ally below 7*0. However, a number of fungi have been reported to make poor^ 
fair or even good growth on nitrite and some of these have been listed by 
Cochrane (1958). Some other recently reported such fungi are Fusarium merukum 
(Tandon and Agarwal, 1953), Gloeosporaium pndit and G. piper atmn {Tiling and 
Rawla, 1959) and Cercospora viticola (Sethi and Munjal, 1963). 

The toxicity of nitrite to the growth of fungi is related to pH of the medium. 
Nitrites are generally toxic on the acidic pH range because at this range the 
nitrites exist in the form of undissociated nitrous acid which exerts the toxic 
effect because of its destructive influence on the proteins and amino acids of the 
fungal cells (Cochrane and Goon, 1950 ; Lilly and Barnett, 1951 ; Foster, 1949 ; 
Cochrane, 1950 and 1958)- All the three fungi under study could not make any 
growth at pH 3*0-6*0 but made poor, fair or even good growth at pH 7*0 to 10-0 
on potassium nitrite as the sole nitrogen source. Similar results have also been 
reported by some other workers like Tandon and Agarwal (1953) with Fmarimn 
coeruleum, Thind and Duggal (1957) with ColUtotrichmn gloeosporioides and Thincl and 
Rawla (1959) with three anthracnose fungi. 

Glycine, Dl-u^-alanine, serine, riSpartic acid, glutatnic acid, proline, and 
asparagine were good or farily good sources of nitrogen for the growth of these 
three fungi. Many other fungi have also been reported to make good or fairly 
good growth on these. However, fungi growing poorly on these nitrogen sources 
are also known. Thus aspratic acid supports poor growth of Cloeospofitim papayae, 
G. musarum and Golletotrichum papayae (Tandon and Grcwal, 1956) ; glutamic acid of 
Alternaria ricini and Phomopsis vexarts (Pawar and Patel, 1957<2 and b) ; L-asparaginc 
of some Hymenomycetes (Yusef, 1953) Dl-^-alanine of Tilleiia (Mfies (Zscheile, 
1951) ; Dl-serine of Chalara quercina (Beckman el al, 1953) and Tilletia caries 
(Zscheile, 1951). 

L-cystinc supported poor growth of C. hibiscina and C, withaniae but fair of 
C. crotalariae studied here. Dl-methioninc supported poor growth of 6\ withaniae 
but fair of the other two fungi studied here. Dl-/3-phenylalaniac supported fair 
growth of all these three fungi. All these three have generally been regarded to 
be poor sources of nitrogen for the growth of majority ol the fungi studied so far- 
However, some fungi are known to make good growth on cystine and methionine 
such as Polychyirium aggregatum (Ajello, 1948). Similarly, Dl-/i-phenylalanine 
supports good growth of Cercospora kikuchii (Bloss and Crittenden, I960) and the 
three anthracnose fungi studied by Tandon and Grewal (1956) and Thind and 
Rawla (1959) respectively. 

L-and Dl- histidine, Dl-valine and Dl-threonine were fair to good sources 
of nitrogen for the growth of these three fungi. Some other fungi have also been 
reported to make fairly good growth on these. 

Summary 

Growth of three Cercospora spp. (C. hibiscina from Hibiscus cannabinus^ C. with^ 
aniae from Withania somnifera and C, crotalariae from Crotalaria juncea) was studied 
on different nitrogen sources used singly. All the inorganic nitrogen sources 
used support good or fairly good growth of the three fungi under study except 
KNOij which did not support any growth. The growth of these fungi on KNO^ 
as the sole nitrogen source was found to be conditioned by the pH of the medium. 
These fungi could utilize nitrite only on the alkaline range of pH 7*0 to 10*0 and 
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hot on tiie acidic pH raxige of 3*0 to 6*0, Out of the organic sources of nitrogen 
used, Dl-^-alanine, Dl-serine, Dl~aspartic acid, L-glutamic acid, L- and Dl- 
histidlne, asparagine, glycine, i0-alanine, Dl-valine, Dl-threonine and L-proline 
supported good or fairly good growth of these three fungi. The rest of the 
organic sources of nitrogen yielded variable growth i.e., poor, fair or good. 
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Introduction 

The study of fungi from various types of soils has engaged the attention oi 
a large number of workers in different parts of the world and in India but the 
ecological aspects, governing their distribution in soils, ha ve been investigated 
only by a few workers (Warcup 1951, Garrett 1950, 1951, 1952, Park 1955, Orpurt 
and Curtis 1957, Hawker 1957, Parkinson and Waid 1960). In India the work on 
such aspects is very fragmentary which is mainly by Saksena (1955) and Saksena 
and Sarbhoy (1963) from forest and alluvial soils respectively. As no attempt 
has been made on ecology of soil fungi occurring in association of different 
natural grasslands in this country, the present work has been undertaken. This 
study includes, besides isolating and identifying fungi, phytosociological analysis 
of fungi and study of the edaphic factors affecting their appearance and growth 
in soils. 

Soil and Climate 

Varanasi lies at 25°18''N. Lat. and 83°HE. Long, in the eastern part of the 
Upper Gangetic Plain and is about 77 meters above the sea-level. The soil is 
alluvium and its texture ranges from sand to clay. The old alluvium contains 
local deposits of calcium carbonate in the form of nodules known as “Kanker'’. 
The climate is typical of the upper gangetic plains, distinctly continental and 
shows a great range of temperature between summer and winter. The year is 
divided into three distinct seasons viz-, rainy, winter and summer seasons with 
annual rainfall of about 1100 mm. 

Materials and Methods 

L Grass plots selected for the study 

The following grass plots were selected for the study of soil fungi : 

(1) Desmostachya bipinnata Stapf — Cynodon dactylon Pcrs. association. 

(2j Vetiveria zizanioides Nash. — Dichanthium annul at um Stapf association. 
(3) Stands of Sacckarum spontaneum Linn, with some annual weeds. 

The above grass plots are situated in the Botanical Garden of the Banaras 
Hindu University campus The distance between the plots is ninety feet and all 
lie on the same straight line. The soil fungi were studied in the summer season. 
The soil is Gangetic alluvium and each plot supports different surface vegetation. 


^Based on the thesis approved for the degree of Doctor of Philosophy of Banaras Hindu 
University, 
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(4) Setaria glauca Beauv . — Dichanthium annutafum^-^O ptismenus bufmannh P, 

' Beauv. association. This plot is situated in Bhadohi sub-division at a 

distance of forty miles West of Varanasi proper. The soil is alkaline 
as the pH ranges between 7*5-"8’5. 

(5) Dichanthium annulaiurn — Cynodon dactylon-^-^Cyperus sp. association. This 
grass plot is situated in Ghandauli sulydivision about thirty miles East 
of Varanasi proper. The pH of the soil here ranges from 6'6-6*7, 

(6) Stands of zizanioides. This grass plot is situated in sub-divi- 

sion Ghakia about fifty-five miles towards South-East of Varanasi proper. 
The area is surrounded by hillocks. It is a low-lying area and remains 
submerged under water for about four or five months in a year between 
July and November. 


II . Method of taking soil samples and recording of fungal Jlora 

Soil samples were taken aseptically by digging a pit of Hx 1'X2' dimension 
and cutting the steps at intervals of 6'^. Three samples from the depths of 
6^-^12'^ and 12'^-18'^ were taken in separate sterilisced containers and were marked 
as S^, S^ and S^ soils respectively. For replication three such pits were dug and 
samples were taken from them in the same manner. Soil samples were brought 
to the laboratory and their pH and moisture contents were determined immedi- 
ately. Soils of the respective depths were mixed thoroughly in sterilised mortars 
and soil solutions of three grades viz., 1 : 100, 1 : 1000 and 1 : 10,000 were prep- 
ared with sterilized water. 1 cc. solution from each grade was transferred to a 
set of six Petri plates and eighteen plates were prepared for each samj)le. Thus 
the total of fifty-four for one pit and one hundred and sixty- two plates were 
prepared from the samples taken from the three pits. Separate sterilized pipettes 
were used to transfer soil solutions to Perti plates and about 10 cc. of sterilized 
molten peptone^dextrose agar-frose bengal at 40'^G were added to each plate by 
shaking them so as to disperse the solution uniformly. Petri plates were incubated 
at 25°G for a week. The fast growing colonies were transferred to fresh culture 
tubes or fresh agar plates to avoid overrunning of other colonies by such fungi. 

After a week the number of colonies in each plate was counted and the 
number of fungi per gram of soil was determined by multiplying the numbers by 
actual dilutions. The average number was counted by taking into consideration 
moisture content of soils. 

III. Phytosociological study of plants and fungi 

(i) Surface vegetation. — The grass plots were studied phytosociologically in 
quadrats of 1x1 meter in size and the dominant and sub-dominant grasses and 
other weeds, growing along with them, were noted down. 

(ii) Determination of Frequency and Abundance of /wngi.-— After the species were 
finally identified, the preserved Petri plates were taken out of the refrigerator* 
Each plate was considered as a unit of study just like a quadrat in the phytoso- 
ciogical study of higher plants. Frequency and abundance in diflerent horizons 
from different sets of dilution plates were determined as per method of Saksena 
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IV. Determination of Physico-Chemical Characteristics of soils 

Soils were tested and analysed for their physico-chemical characters such as 
the pH value, moisture content, water-holding capacity, organic matter, carbon 
content, carbonate content, available nitrogen, nitrate, phosphate, exchangeable 
calcium, potassium, sodium and magnesium. pH of the soil samples was determ- 
ined by Beckman’s pH meter. Moisture content, water-holding capacity and 
organic matter content were determined by the methods as given by Piper (1944). 
Exchangeable calcium, potassium, sodium and magnesium were determined by 
the methods suggested by Mehlich (1948). The soil leachates were prepared for 
this method by leaching the soil with replacement solutions A and B. Sodium 
and potassium were estimated by Flame Photometer ; magnesium by Beckman’s 
Spectrophotometer and calcium by Volumetric method titrating against the 
standard solution of KMnO^. Available nitrogen was estimated by the method 
adopted by Subbiah and Asija (1956). Nitrate content was estimated by Phenol- 
disulphonic acid method as recommended by Harper (1924). Carbonate was 
estimated by Collin’s calcimeter modified by Shah and Amin (1951). The organic 
carbon was determined by multiplying the percentage of humified material 
(organic matter) with the arbitrary factor 0* ** 58. Available phosphate was determ- 
ned by the methods of Puri and Asghar (1936) and Chapman (1932). 

Obervations 

(1) Physico-chemical characters of soils are given in table 1. 

(2) Details of surface vegetation along with important soil characters and 
phytosociological analysis of fungal flora of each grass plot are being described 
below : 

Grass Plot 1 

Surface vegetation- — The plot is covered with luxuriant growth of Desmostachya 
bipinnata Stapf as a dominant grass which grows upto a height of one to one and 
half meters. The rhizomes of the grass with its branches grow horizontally from 
which roots and rootlets arise and penetrate into the deeper layer of the soil. 
The roots were recorded upto a depth of twenty-four inches. Cynodon dectylon^ 
the sub-dominant grass, grows luxuriantly among the patches of the dominating 
one. Evolvulus alsinoides Linn, and thQ sub-dominant serve as the filler among 
the patches of the dominating grass. Nothing else was found to grow. 

^Physical characteristics of soils : 

Soil .. Reddish brown (5YR4/4)=^* when wet and Reddish brown 
5 YR 5/4 when dry ; 

Moisture content and water-holding capacity are 8*95% and 
52*6% respectively. 

Soil .. The colour and texture of the soil are as above ; moisture con- 
tent and water-holding capacity are higher than the above 
soil, the smell is earthy. 

Soil .. The colour and texture are the same as in S^ moisture content 
is higher and water-holding capacity is lower than the S^ soil 

*For the comparison of soil characters refer to Table I. ,, ,, • 

**Names and notations of colour described in the text arc according to Munsell notation for 

soil colour chart. 
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Chemical character^.— The soil is slightly alkaline with pH 7'1 in and S® 
soils while in soil it is a little acidic (pH 6*8) ; organic matter and organic 
carbon contents are higher in than in and S®- Available nitrogen is higher 
in S® soil. The amount of exchangeable calcium is higher. The exchangeable 
sodium is less and exchangeable potassium is higher than sodium throughout the 
profile. 


Record of fungal flora : 



(i) Average number of fungi 
(S®j^26,666, 

(n) Species isolated ; 

per gram 

of dry 

soil (Si)-70,000 (S*) 

-76,666 


*Name of species 

s 

F 

1 

A 

S* 

F A 

F 

S8 

A 

1. 

Rhizopus nigricans 

3 

2 

2 

2 

2 

2 

2. 

Mucor luteus 

4 

3 





3, 

M. circinelloides 

2 

2 


... 



4. 

M. oblongisporus 

2 

2 

3 

2 



5. 

M, saturninus 

3 

2 




— 

6. 

Syncephalasirum racemosum 

3 

3 

4 

3 


- 

7. 

Eremascopsis spinosa gen. et sp. 

nov. - 


1 

4 



8. 

Neocosmospora vasinfecta 

5 

3 

3 

2 

— 


9. 

Festalotia sp. 

1 

2 

1 

3 


P-. 

10. 

Triclioderma viride 

3 

2 

2 

2 

2 

2 

11. 

Aspergillus nidulans 

4 

4 

3 

2 

... 


12. 

A» niveus 

4 

3 

3 

3 


- 

13. 

A. terreus 

4 

2 

4 

3 

2 

1 

14. 

A, niger 

4 

2 

3 

3 

3 

2 

15. 

A* awamori 

2 

3 

4 

2 

... 

- 

16. 

Penicillium javanicum 

5 

3 

3 

2 

3 

3 

17. 

P. funiculosum 

5 

3 

2 

2 

- 


18. 

Cladosporium herbarum 

4 

3 

3 

2 

.. 

... 

19. 

Stysa^ms medius 

3 

2 

5 

3 

3 

2 

20. 

Curvularia lunata 

2 

3 

1 

2 


— 

21. 

Alternaria humicola 

1 

3 

2 

2 

mm 

— 

22. 

Humicola fusco-atra 

3 

2 

1 

3 

mm 


23. 

Epicoccum duriaenum 

1 

2 

M 




24. 

Colletotrichum falcatum 

3 

2 

- 

- 


" 


8ivcn by Gilman (1957), Thom and Raper 

not ffiven h Authorities for such species which arc 

not given, m tnesc books, arc mentioned m footnote, at appropriate places. 


F == Frequency 


A =s Abundance* 
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Outstanding characters of the fungal flora. — The plot is rich in fungal population 
both in number of species and total quantity per gram of soil. The members of 
the Mu corales were confined mostly to the top horizon. Only Rhizopus nigricans 
was distributed throughout the profile. Fungi mostly isolated throughout the 
profile were Trichoderma viride, Aspergillus niger^ A. terreus^ Penicillium javanicum and 
Stysanus medius. Only six species were distributed in the lowest horizon. The 
top horizon was very rich in the fungal flora. One new fungus, Eremascopsis 
spinosa gen. ei sp nov., was discovered from the middle horizon. The remarkable 
point to be noted is the greater number of fungi per gram of soil in the middle 
horizon. 

Glass Plot 11 

Surface vegetation. — The plot is characterized by supporting the growth of 
Vetmria zizantoides Nash, as a dominant species. It grows upto several feet in 
height (5-8 feet). Dichanthium annulatam^ Gynodon dactylon and Evoloulus alsinoides 
grow among the patches of the dominating grass, Ihese grasses grow very 
luxuriantly. Roots were recorded upto forty inches deep. 

Physical characteristics of soils : 

Soil .. Colour of the soil is light yellowish-brown (10 YR 5/4) when wet 
and yellowish-brown (10 YR 6/4) when dry ; texture Gangetic 
alluvium ; mixed with roots and rootlets of the dominating 
grass ; smell pleasant ; water-holding capacity is 43*5% ; with 
cracks when dry. 

Soil .. Colour of the soil is same as above both in dry and wet condi- 
tions ; texture loamy with clay ; mixed with roots and rootlets 
of the dominating grass ; smell pleasant ; water-holding capa- 
city is slightly higher than the above soil. 

Soil S® .. Colour of the soil is same as above (S^) both in dry and wet 
conditions ; mixed with fine granules of pebbles ; texture loamy ; 
coarse to touch ; smell pleasant ; mixed with roots and rootlets 
of the dominating grass ; water-holding capacity is higher than 
that of both the above soils. 

Chemical characters.— of soil is the same throughout the profile, being 7*1 ; 
organic matter is higher in the middle horizon than in the top and lowest ones ; 
carbon content is not much, its value increases in middle horizon and decreases 
in the lowest one ; exchangeable calcium goes on increasing according to increase 
in depth and its value is maximum in the lowest horizon ; exchangeable sodium 
and potassium contents are slightly higher than in the soils of the first type of 
grass plot. Exchangeable potassium is maximum in the lowest level. Nitrate 
content is in good amount throughout the profile. 
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Reeoid of fungal flora : 

(i) Average number 

(S8) -8,231. 

(ii) Fungi isolated : 


of fungi per gram of dry soil. 


(Si)-30,000 (SV23,a09 


Name of species 


SI Sa S» 

F A F A F A 


1. 

Rhizopus nigricans 

3 

2 

3 

3 


- 

2. 

Mucor luteus 

4 

3 

- 

- 

- 


3. 

Thielavia terricola 

5 

2 

3 

1 


- 

4. 

Neocosmospora vasinfecta 

5 

4 

5 

2 

- 


5. 

T fichoderma viride 

5 

3 

4 

3 

4 

2 

6. 

Aspergillus nidulans 

5 

3 

3 

2 



7. 

A. variecolor 

4 

4 

4 

2 

«. 

— 

8. 

A, terreus 

5 

4 

5 

3 

3 

1 

9. 

A. Candidas 

2 

1 

3 

2 

— 


10. 

A. niger 

4 

2 

3 

2 

1 

2 

11. 

A, flavus 

4 

4 

2 

2 



12. 

A, sydowi 

- 

- 

3 

3 



13. 

A. japonicus 

3 

2 

- 

- 



14. 

A, sulphureus 

4 

3 





15. 

Aspergillus sp. 

5 

3 


... 

3 

2 

16. 

Penicillium humicola 

4 

2 


— 

3 

1 

17. 

Penicillium sp. 

2 

1 





18. 

P. funiculosum 

- 


2 

2 



19. 

Cephalosporium coremioides 

3 

3 

2 

1 


M 

20. 

Paecilomyces varioti 

2 

3 

2 

1 

4 

2 

21. 

*P. fusisporus 

5 

3 


— 



22. 

Clado sport um herbarum 

3 

3 

3 

2 

M 


23. 

Alternaria humicola 

4 

3 

2 

3 



24. 

Helminthosporiurn anomahm 

2 

2 

3 

1 

3 



25. 

Curvularia lunata 

3 

3 

2 



26. 

Fusarium nivale 

4 

3 

3 

3 

2 

2 


O^standing characters of the fungal flora.-^Tht plot was rich in fungal flora 
hSn, oT dance and mostly confined to the top and the middle' 

^o^izons. Only Aspergillus niger, A. terreus and Aspergillus sp. were isolated from 
4fry«tes were represented by indudinT a SospS 
Aspergtllus) Aspergillus mdulans, A. variecolor, ^eooosrnospora\a}in/ecta and ThZZTa 

terncola. The fungi present throughout the profile were Trichoderma viride Asterpil 
lus terreus, A. ntger, Paecilomyces varioti and Pusarium nioale. ’ ^ 


‘fuiisporus Salcsena. 
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Grkss Mot ill 

Surface vegetation.' — The plot is full of profused growth of Saccharum spontaneum 
as a dominant grass. Cjnodon dactylon grows underneath the latter in the bare 
spaces. Other weeds growing along with these grasses are Evolvulus alsinoides 
and Polygonum plebejum Br. Roots of the dominant grass were recorded upto a 
depth of 25 inches. 

^Physical characters of soils, — Colour reddish-brown (5 YR, 5/4) when dry and 
reddish-brown (5 YR, 4/4) when wet ; texture loamy with cracks when dry, mixed 
with small pieces of pebbles and roots of dominant grasses. Water-holding 
capacity and moisture contents vary at different horizons. Other physical charac- 
ters are the same in different horizons. 

Chemical characters. — Soil is slightly alkaline as pH ranges from 7T-7*2 ; 
organic matter is higher in the top soil and decreases below ; carbonate content 
increases with depth ; exchangeable calcium is well distributed and is the highest 
in the top layer ; exchangeable sodium and potassium are more in the middle 
horizon. Nitrate content is in good amount throughout the profile but decreases 
as the depth increases. Its value is lower than in the first and the second grass 
plots. 

Record of Fungal Flora : 

(i) Average number of fungi per gram of dry soil. {S5^)-9,700 

(S5*)-9,203. 

(ii) Fungi isolated ; 


Name of species 

F 

SI 

A 

F 

S« 

A 

F 

s» 

A 

1. Rhizopus nigricans 

2 

2 

2 

1 


- 

2. Mucor sp. 

1 

2 

- 

- 

- 

- 

3. Ghaetomiurn terrestre sp. nov. 

- 

... 

- 

- 

1 

2 

4. Rqyella albida gen. et sp. nov. 

1 

3 

- 

- 

- 

- 

5. Pleocosmospora vasinjecta 

4 

2 

3 

4 

- 

- 

6. Trichoderma viride 

4 

3 

3 

3 

2 

2 

7. Aspergillus nidulans 

5 

2 

2 

2 

- 


8. A. vatiecolor 

4 

2 

3 

3 

- 

• 

9. A. niveus 


- 

1 

3 

2 

3 

10. A. Candidas 

4 

4 

- 

- 

- 

- 

IL A. terreus 

5 

3 

3 

3 

- 


12. A. niger 

5 

2 

2 

4 

4 

2 

13. A. sulphurous 

1 

3 

- 

- 

- 

- 

14. *Penicillium raistrickii 

4 

2 

- 

- 



15. ^P . funiculosum 

5 

2 

3 

3 

- 


16. spiculisporum 

- 

- 

3 

2 

- 

- 

17. Penicillium sp. 

1 

3 

- 

- 


- 

18. ^ Hendersonula toruloidea 

— 

— 

2 

3 

1 

2 
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Name of species 

F 

SI 

A 

F 

s® 

A 

F 

S8 

A 

19. ^Paecilomyces fusisporus 

3 

2 

2 

2 

- 


20. Cephalosporium coremioides 

3 

2 

3 

<2 

3 

1 


mm 

21. S tacky botrys sp. 

3 

2 

6 

1 



22. ^Phialophora rickardsiae 

•“ 

— 

2 

4 

4 

3 

23. Cladosporium herb arum 

2 

3 


***** 


rnmt 

24. *Helminthosporium halodes 

2 

3 

— 



mm 

25. Spegazzinia tessarlhra 

3 

2 

1 

3 

M 

mm 

26. Scolecobasidium conslrictum 

— 

— 

“ 

— 

1 

3 

27. Epicoecum duriaertum 

2 

4 

3 

2 

— 

— 

28. * Myrothedum verrucaria 

5 

4 

2 

3 

— 

— 

29. * Pusarium chlamydosporum 

4 

2 

— 

— 

— 

- 

30. Mycelia sterilia 

5 

4 

2 

2 

mm 

— 


The fungal flora was less in number per gram of soil in all the horizons than 
in those of other plots but variety of species was greater. The predominant 
species in the top were Meocosmospora vasinfecia, Aspergillus niger^ A» Candidas, A. 
terreus, Penicillmn raistrickii, F. f miculosum, Myrothecium verrucana, Mycelia sterilia 
and Pusarium chlamydosporum. Only a few species were isolated from the lowest 
horizon. A new species of Chaetomimn was isolated from this plot. Several forms 
such as Nos. 18, 22 and 26 were isolated for the first time in India. Besides, a 
new genus i,e., Royella albida was discovered from this plot. 

Grass Plot IV 

Surface vegetation, — The dominant grasses are already mentioned and others 
coming second in order of frequency and dominance are Dichanthimn annulaturn, 
Eragrastis tenella Roem. et Schult., D actyloctenium aegypiicum Bcauv., Cassia tora L., 
EvolvuLus alsinoides L., Euphorbia hirta L., £. thyrnijolia L., Polygella chinensis L. and 
Desmodium trifloTum DC* 

Physical characters of soils, — Colour of soils is light* brown (2‘5^Y, 5y4)whcn wet 
and light-grey with whitish-tinge (5Y, 7/2) when dry ; texture loamy, mixed with 
pebbles, sticky when wet, water-holding capacity is higher in soil than that of 
and lower in S® soil Other characters are similar throughout the depths. 

Chemical characters, — The soil throughout the profile is alkaline as the pH 
varies between 7*5~8'6 ; the amount of organic matter is the highest in the top 
layer and its value decreases with depth. The amount of exchangeable calcium 
is high in the top horizon, decreases in the middle layer and again slightly 
increases in the lowest horizon. Exchangeable sodium content is very high but 
increases with an increase in depth. Exchangeable potassium content is about 
the same throughout the profile. Nitrate content is in fair amount throughout 
the profile. 


Authorities naming 18, 22, 25 and 28 are Nattrass, (Nanff.) Conant (Brek. & Cort.) 
Sacc. and Ditmar ex Fr. respectively. ^ *' 

*Species deposited in the Commonwealth Mycological Institute, Kew, England. 
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Record of fungal flora : 

(i) Average number of fungi per gram of dry soil. (Si)-44,418 fS®)-22,560 

(S3)-9,427. 

[ii) Fungi isolated : 


Name of species 

S' 

F A 

S‘^ 

F A 

s® 

F A 

L Rhizopus nigricans 

3 

4 

1 

3 

1 

2 

2. Mucor luteus 

3 

2 

2 

3 



3. Cunninghamella vefticillata 

- 

- 

- 

- 

2 

4 

4. Saksenaea vasiformis 

- 

- 

2 

3 

1 

3 

5. ^Choanephora cucarbitarum 

2 

2 

- 

- 

- 

- 

6. "^Chaetomium funicola 

5 

2 

4 

3 

- 

- 

7. PieocQsmospora vasinfecta 

1 

2 

- 

- 

- 


8. Monilia geophila 

3 

4 

2 

2 

- 

- 

9. Aspergillus ruber 

4 

2 

4 

3 

3 

2 

iO. nidulans 

2 

1 

- 

« 

1 

3 

11. Ae nioeus 

- 

- 

1 

3 

2 

3 

12. A. tetreus 

- 

« 

4 

3 

3 

2 

13, A. niger 

5 

3 

3 

2 

3 

2 

14. Pcnicillium tardum 

1, 

3 

2 

2 

1 

4 

15. P. funiculosam 

2 

3 

1 

3 

- 

- 

16. jP. sanguineum 

3 

3 

3 

2 

- 

— 

17. Gliocladium Jimbriatum 

1 

5 

• 

- 

- 

- 

18. ^Galcarisporium pallidum 

4 

3 

3 

2 

- 

— 

19. ^Paecilomjces fusisporus 

4 

2 

1 

3 

- 

- 

20. T richotkecium roseum 

2 

4 

- 

- 

— 

■■ 

21. Trie ho derma viride 

4 

2 

3 

1 

- 

— 

22. Acfostalagmus cinnabarinas 

- 

- 

- 

- 

1 

3 

23, Cladosporium herb arum 

1 

3 

- 

- 

— 


24. Spondjlocladium australe 

- 

- 

2 

5 



25. J^igrospora sphaerica 

4 

2 

3 

4 

M 


26. Scolecobasidium terreum 

- 

— 

3 

2 

•m- 

mm 

27. Memnoniella echinala 

1 

2 

— 

— 

mm 


28. ^Caldariomyces sp. 

1 

3 

■ — 




29. Helmintkosporium halodes 

3 

4 

2 

2 



30. .Curoularia lunata 

2 

2 

2 

2 




jVoj,; —Authorities for naming the species 4, 5, 18, 26, 29 are Saksena, (Brek. & Br.) Thaxt., 
Tubaki, (Riv.) Galloway and Drechsler respectively. 

*Species deposited in the Commonwealth Mycological Institue, Kew, England. 
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the number o! fungi per gm. of soil decreased according to tlie increase in 
icDth The plot is rich both in total number and variety of species. Both the 
too and the middle layers are rich in fungal flora. Twenty-three forms were 
isolated from the top, twenty from the middle and ten forms were coUected from 
the lowest horizon. Some forms such as Nos. 6, 7, 18, 21', ^.5 and 27 were 

discovered only from this plot. 


Grass Plot V 

Surface vegetation . — Besides the dominant grasses already mentioned, other 
associates are Eehinochloa colonum Link., Digitaria sangvinalis Scop., Eragraslts tenella 
and Oplismanus Burmauni, Portulaca oleracea L., Crotalaria medicagenia Lamfc., Bonnaya 
brachiata Link,, Euphorbia hirta, E. tkymifolia and Scoparia dulcis L. 

Physical characters of soils.— GlvLyey loam, colour is pale brown (10 YR, 6/3) 
when dry and brownish (10 Y, 5/3) when wet throughout the horizons. 

Soil S’- .. Mixed with rotten leaves of weeds, moisture content is high and 
water-holding capacity is comparatively low. 

Soil S® .. Soil slightly coarser and gritty to touch, water-holding capacity 
is higher than that of S’. 

Soil S3 .. Mixed with. small pebbles, sticky to touch, naoisturc content 
higher than S’ and S® ; water-holding capacity is lower than 
in S®. 

Chemical characters . — ^The soil is slightly acidic in comparison to the soils ^of 
the other grass plots. The pH ranges between 6-6-6-7 throughout the profile; 
organic matter and exchangeable bases arc low, exchangeable calcium, sodium 
and potassium increase depthwise. The highest value of nitrate content is at the 
lowest horizon and remains constant in the middle and the top ones. 

Record of fungal fora : 

(i) Average number of fungi per gram of dry soil. (S’)-5 4,500 (S3)-42,300 
(S8)-28,266. 

(it) Fungi isolated : 



Name of species 

S’ 

F A 

S“ 

F A 

S» 

F 

A 

1. 

Rhizopus nigricans 

3 

2 

2 

2 

- 

- 

2. 

Mucor luteus 

2 

3 

2 

2 

— 

— 

3. 

M. saturninus 

2 

3 

1 

3 

- 

— 

4. 

Cuntnnghamella veriicillaia 

5 

3 

1 

3 

1 

3 

5. 

Ghaelomium spirale 


- 

1 

4 

- 

- 

6. 

Neocosmospora vasinfecta 

3 

4 

2 

2 

- 

- 

7. 

Phoma hxbernua 

3 

0 

3 

2 

2 

2 

8. 

Trichodema viride 

3 

3 

3 

2 

2 

2 

9. 

PestaloHa monorhinca 

3 

2 

2 

2 

- 

- 

10. 

Aspergillus montevidensis 

5 

3 

2 

2 

». 

- 

11. 

A. nidulans 

- 


3 

4 

- 

- 


t 264 ] 




Name of species 

SI 

F A 

Sa 

F A 

s» 

F A 

12. 

A. fumigatus 

5 

4 


- 

3 

2 

13. 

A. niveus 

3 

2 

5 

2 

2 

4 

14. 

A, terreus 

3 

2 

1 

3 

2 

4 

15. 

A. niger 

5 

3 

5 

2 

2 

4 

16. 

A. awamori 

3 

3 

3 

3 

- 

- 

17. 

A, luiescens 

5 

3 

- 

- 

- 

- 

18. 

A.flavus 

3 

4 

2 

2 

1 

3 

19. 

Penicillium spi cult spot utn 

4 

2 

- 

- 


- 

20. 

P. funimlosum 

- 

- 

2 

2 

1 

2 

21. 

Gliocladium roseum 

1 

3 

- 

- 

- 

— 

22. 

Paecilomyces fusisporus 

- 

- 

2 

3 

- 

— 

23. 

Botrytis cinerea 

1 

2 

- 

— 

— 

— 

24. 

Papularia sphaerosperma 

4 

3 

- 

- 

- 

— 

25. 

Gladosporium herbarum 

2 

2 

2 

3 

- 


26. 

Gurvularia lunata 

2 

1 

3 

4 

- 

- 

27. 

Alter naria humicola 

2 

3 

1 

2 

- 

- 

28. 

Fusarium chlamydosporum 

4 

3 

- 

- 

- 

— 

29. 

Fusarium ntvale 

3 

2 

2 

2 

2 

2 


The plot is rich in total number oi fungi per gm. of soil and variety of species. 
Most of the fungi were distributed in the top and the middle horizons. The top 
soil contained 25, the middle horizon harboured 22 and the lowest horizon con- 
tained 10 species. A few forms such as Nos. 5, 7, 10, 17, 21, 23 and 24 were 
recorded only from this plot. 

Grass Plot VI 

Surface vegetation,— Btsides supporting the luxuriant growth of Vetiveria zha- 
nioides as the dominant grass, Eleocharis plantaginea Br. is the^ associate being sub- 
dominant and serves as filler among the patches of the dominant one. The latter 
grows 8-10 feet high with well developed rhizomes and roots. 

Physical characters of The soil is sandy with small pieces of stones. 

Colour is reddish-brown (5 YR, 4/3) in wet and dry conditions ; smell is pleasant 
due to presence of root fragments of the dominant grass (Khas). 

Soil .. Fine sands mixed with little quantity of loam. 

Soil .. Coarse sands, moisture content is greater and water-holding 

capacity is lower than 

Soil S® i. More standy, very coarse, colour reddish-brown (5 YRj 4/3) in 
dry and deep reddish-brown (5 YR, 3/4) in wet conditions ; 
moisture content is higher and water-holding capacity is lower 
than S®. 
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Chmical charadeTS,---ThQ pH of the soils is the same (7-2) throughout the pro* 
file The value of organic content is the highest at the top layer and decreases 
in deeper layers ; exchangeable calcium is high but increases in the middle layer 
and decreases in the lowest horizon. Exchangeable sodium increases with depth 
and the highest value is reached in the lowest horizon. Exchangeable magnesium 
is the highest in the middle layer. The soil is well supplied with nitrate through- 
out the profile. 


Record of fungal flora 

(i) Average number of fungi per gram of dry soil. 

(S’^)--6,245, 

(ii) Fungi isolated : 


(Si)-16,329 (S'^Ki8,237 


Name of species 


SI S2 S8 

F A F A 'F A 


L Rhizopus nigricans 

2. Gongronella butleri var. proliferans 

var. nov. 

3. Saksenaea vasiformis 

4. Mucor luteus 

5. ^Achlya sp. 

6. Thielavia terncola 

7. ^'^Thielavia sp. 

8. eetosa 

9. Chaetomium globosum 
10. C. bostrychodes 

IL Pestalotia sp. 

12. Aspergillus terreus 

13. Aspergillus sp. (new) 

14. Aspergillus niger 

15. "^"^Penicillium brefeldianum 

16. P. juniculosum 

17. Penicillium sp. 

18. P, frequent ans 

19. EpUoccum duriaenum 


5 

1 

3 
* 

5 

4 
4 

3 
2 
(1 

4 

3 


1 

2 


3 

3 

3 
2 

2 

4 

5 
2 
1 

3 

4 

2 

2 

9 



3 3 


2 


2 


The number of fungi per gm, of soil was greater in the middle horizon 
and decreased abruptly in the lowest horizon. The number and variety were 
very low in comparison with other plots. In all, nineteen species were isolated. 
Fourteen were distributed both in the top and middle horizons and only two 
were isolated from the soil. 


^Isolated from a water culture plate. 

**Deposited in the Commonwealth Mycological Institute. Kew, England. 
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Physico-chemical characters of soils {Based on average of three samples) 
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Discussions and Conelesions 

This investigation deals mainly with the types of surface cover, characters 
of soils and the nature and distribution of fungal flora. Soil factors governing 
the distribution of fungi are being discussed below : 

Vertical disiributiori of fungi^ A perusal of Table I shows that the number of 
fungi per gm. of dry soil decreased with the increase in depth. This observation 
is in accord with those of Cobb (1932), Takahashi (1919) and Warcup ( 1951 ). 
From graph I it is clear that the number of fungi decreased from upper to lower 
layer except in plots I and VI where the number per gm. is greater in the middle 
horizon. This exception in case of the former may be explained as due to the 
greater value of water-holding capacity and to the higher percentage of organic 
matter, exchangeable Mg and K contents of the soil. Moreover, the rhizomes 
of the dominant grass, Desmostachya bipinnata^ are very prominent in this horizon 
and their possible secretions may also be responsible for this increase. In plot VI 
water-logging condition may be responsible for the increase in fungal population 
on account of the downward movement of fungal spores in the sandy soil. More- 
over, exchangeable calcium and magnesium contents are also high which might 
be lesponsible for the increase in the number. Quantitative data concerning soil 
microtungi of all plots aie subject to considerable variation whether the plots 
are in the same area or are differently located. Previous workers have also 
shown that the number of fungi varies in different habitats (Jensen, 1931, Orpurt 
and Curtis 1957, Rose and Miller 1954, Saksena, 1955). Rose and Miller (1954) 
have established that the fungal counts from soil samples taken from the same 
field showed variations of the order of 1 : 13 (50,000-641,000) per gm. of soil. 


graph 1 
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Moisture conknis.-^Tht efect oi moisture contents upon the fungal flora 
has been emphasised by several workers. If the mositure content of the soil 
is high, the decaying process by fungi will be quicker and their number will 
automatically increase. Grass plots I, II and III were studied in the summer 
season when the moisture content of the top horizon was not high. Grass plot 
III has the lowest percentage of moisture content (7%) in soil where the 
number of fungi per gm. of dry soil is the least (19,717). Survival of fungi in such 
soil is favoured by the development of the draught resistant capacity of spores pos* 
sessing thick walls, production of ascocarps, sclerotia, chlamydospores etc. Most of 
the fungi isolated from the top horizon have draught withstanding capacities such 
as Rhizopus, Mum sp. produce zygospoics i Aspergillus and other species of 
this group possess spiny thick wall on conidia ; A. nidualans^ A, variecolor^ 
Pleocosmospora produce perithecia ; Penicillium raistrickii produces sclerotia ; 
Myrothecium verrucaria aud Fusarium chlamydosporum produce thick walled conidia 
and chlamydospores respectively. Moisture content in other plots vary. 

GRAPH 2 



Water-holding capacity is variable in all the plots. Graph 2 shows its 
amount in different plots. Its value is the highest in the middle horizon of 
grass plot I which is in accord with the number of fungi per gm. of soil. 

Soil reaction, — The pH of all the types of soil ranges between 6*6--8‘6. The 
only grass plot with slightly acidic soil is V and the rest are either slightly 
alkaline or alkaline. Grass plot IV has the highest pH value (8*6). The number 
of fungi per gm. of soil in the most alkaline grass plot (IV) is somewhat lower 
than in the plot V which is slightly acidic but the variety of species in the 
former is not less than in the latter. Waksman (1927) also reported that fungi 
were abundantly found in the alkaline soils and played a good role in the 
microbial activity of such soils. Jensen (1931) pointed out that certain species 
were abundant in alkaline soils and others in acidic soils. War cup (1951) 
distinguished two main groups of fungi : those occurring in acidic soils and those 
which preferred alkaline soils. Shetye (1956) found the number of fungi in the 
lime bed to be great but the variety was less. Whatever the case may be me 
high pH values in the soil encourage the bacterial population and their possiMc 
antagonistic effect may tell upon the fungal population while in acidic soils the 
bacterial growth is impeded and fungi can grow fairly. 
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fs'goitrned ‘W'" the 7rSen«“o/"organlc mTttlf! All the soils of plot^ cxcept- 
inf a few are^provided with good proportion of organic matter (giaph 3). From 
hf data rSed in Table I and graph 3, it may be seen that there is 
some sort of correlation between the organic matter content of soils *fte 
Tumber of fungi per gm. of dry soil. The highest value was fouiid in the middle 
horizon of the^ grass plot I and the lowest value was recorded in the saine plot 
in the Cest horizon The highest number of fungi m the midd e horizon of 
the first plot (graph 1) may be attributed to the highest value of the organic 
matter. The large number and variety of fungi even in most alkaline soil of the 
plot IV may be attributed to the fair amount of the organic matter present 
fhert. Exception is seen «i.h the plot VI. Though “S™ 

of organic matter (2’5%) in the top soil, the number of fungi pei gm. of soil is 
lower than the other plots. It may be due to the fact that plot remains si^merged 
under water and due to unaerobic condition growth of the fungal flora may 
not be favoured. Another exception is with the top horizons of plots II and 
in where organic matter is 0-93% and 2-9% (graph 3) respectively. The 
greater number of fungi in case of II than in the III may be explained if contents 
of nitrate, exchangeable magnesium, sodium and potassium are taken in o 
consideration which are higher in case of plot II. 

GRAPH 3 



Exchangeable calcium and carbonate content.— Formation of pebbles and crumb 
structures due to calcium provides the soil with fair aeration to enhance the 
growth of microorganisms in soil. Another important role of calcium is to 
neutralize the acidity of soil created by putrefaction of organic matter. The 
high acidic soil may impede the growth of fungi which is thus controlled by 
presence of calcium. From the data given in Table I and graph 4, it is evident 
that all the soils of different grass plots are well supplied with exchangeable 
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calcium, its content is hdt uniform in different depths. In plot V its value 

increases with depths while in others it is greater either in the middle or in the 

lowest horizons. Inhere exists some relationship between the exchangeable 
calcium content and the fungi isolated, in the middle horizons of plots I and 
VI, the increase in the number of fungi per gm. of soil may be attributed to the 
presence of higher value of calcium also. In plot ill though the number is less, 
the variety ot species is large which may be due to it. The highest value in all 
the S® soils is in the plot V which is in accordance with the highest number of 
fungi in the same horizons. 

Magnesium.— M\ the plots are supplied with exchangeable magnesium. 
The highest amount is present in plot I and the lowest in plot ill at the top 
horizons which is in accord with the number of fungi isolated e.g. 70,000 and 

19,717 per gm. of dry soil respectively. The top horizon of the plot V comes 

next in its magnesium content (0*213 m.e. %). The number of fungi is 54,500. 
The next higher value is 0-2 m.e. % in polt lY with 44, 418 fungi which is the 
next higher in the top horizons. The highest amount of magnesium in the lowest 
horizons is 0*206 m.e, % <^he plots I and the lowest value is 0*173 m.e.% in 
the plot VL The number of fungi per gm. of soil is also in accordance with it 
(26,666 and 6,245 respectively). 

GRAPH 4 



Exchangeable potassium and sodium.^Th^lx utility in green plants and animals 
are of great value but the knowledge regarding its effect on fungi is scanty. 
Steinberg (1946) studied the quantitative relationship between the amount ol 


I 
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p6tassium in the medium and the weigixt of mycelium produced by A. mget 
From the data in Table I it is seen that all the ' plots are supplied with exchange- 
able potassium and sodium. The lowest value is 2*6 % in the middle horizon 

of plot VI and the highest value is in the lowest horizon of the plot II. The 
highest value of sodium is in the most alkaline grass plot IV at the lowest 
horizon (164 m.e. %). 

Mirate, nitrogen and phosphate. -^’Nitrogen is used by fungi for functional 
ahd structural purposes. Robbins (1937) classified fungi into four groups accord- 
ing to their ability to utilize different sources of nitrogen such as atmospheric 
nitrogen, nitrate nitrogen, ammonium nitrogen and organic nitrogen, ^ Some 
utilize the latter three types, some only ammonium nitrogen and organic nitrogen 
and still others utilize only organic nitrogen. Therefore it is difficult to correlate 
fungal population with the source of available nitrogen. From the data in Table 
I, it is evident that all the grass plot soils are well supplied with nitrate content. 
The highest and the lowest values recorded for the top horizons are in plots I 
and VI (12 mg. and 54 mg. in 100 gra. respectively) which correspond with the 
highest and the lowest figures for the number of fungi* In the same way the 
highest value in the middle horizons is in plot II (10*6 mg./ 100 grn* of soil) which 
is in accord with the total number of fungi per gm. of dry soil 

Phosphate is present in all the plots. Its highest value is present at the 
top horizon of the grass plot IV. The soil of the plot III at each horizon contains 
less amount of phosphate and it seems, therefore, that decrease in the total 
number of fungi in the top horizon of this plot may be due to this factor also. 

Summing up the edaphic factors such as moisture content, water-holding 
capacity, organic matter, nitrate content, exchangeable calcium, magnesium and 
surface cover have greater influence on the fungal population in the soil Though 
it becomes somewhat difficult to explain and correlate the certain observations 
depending upon a large number of factors yet the author has interpreted his 
findings with possible correlation existing among fungal population and various 
edaphic factors. 

Summary 

An ecological study of soil microfungi from six grass plots, supporting the 
growth of different dominant grass species and situated either in the same locality 
or in different sub-divisions of Varanasi district, was undertaken. The pH of 
soils varied from 6*6-S*6 and texture was Gangetic alluvium to sandy. Soil 
samples were collected from three different depths viz*, 0-6", 6"-12" and 

12''-18'' with aseptic precautions and were studied by dilution plate method 
on peptone-dextrose agar with rose bengal for the presence in them of fungi. 
Phytosociological study of surface cover was made and dominant and sub-domin- 
ant grasses were noted down. Determination of physico-chemical characters 
of soils such as pH, moisture content, water-holding capacity, organic matter, 
carbon content, carbonate content, available nitrogen, nitrate, phosphate, exch- 
angeable calcium, potassium, sodium and magnesium were determined and phyto 
sociological analysis of fungi was done. Each Petri plate was treated as a unit of 
study analogous to a quadrat used for a similar study of higher plants. The 
number of fungi decreased downwards in the profile. Moisture content, water- 
holding capacity, organic matter, nitrate, phosphate, exchangeable calcium, 
magnesium and surface cover seemed to favour the appearance and growth ot 
fungi in soil. pH had no apparent influence on them. 
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THE FUNGAL MIGROFLORA OF THE 'CUMIN WILT-SICK SOIL’ 
AND THEIR ANTAGONISTIC EFFECT ON WILT CAUSING 
FUSARIUM IN VITRO 
By 

B. L. MATHUR and R. L. MATHUR 
Plant Pathology Laboratory, Rajasthan, Jaipur 


[Received on 20th November, 1964] 

Cumin (Cuminum cyminum L.) is extensively grown in North-Eastern Region 
of Rajasthan. This Region has a characteristic tropical climate. The soils are 
sandy loam to clayey, in general alkaline in nature. The wilt of cumin caused 
by Fusarium oxysporum f. cumini Prasad and Patel is wide spread in Ajmer Division 
and is responsible for considerable damage to the crop (Mathur and Prasad, 
1964^). It is most destructive in Tonk, Ajmer, Jaipur and Bharatpur districts. ® 


In cultivated fields, the soil constitutes the zones of intense microbial 
activity around the root surfaces affecting the pathogenic and non-patliogenic 
nciicro-organisms. Studies on soil borne pathogens have shown that their dis- 
tribution may be governed by host and other biotic factors (Waksman, 1944). 
The studies on soil microflora has also contributed much information on the 
activity of the microflora in different soils and have shown that relatively high 
proporiton of isolates from these flora are antagonistic to plant pathogens. The 
panama wilt disease of banana caused by Fusarium oxysporum f. cubense (E. F. 
Smith) Snyder and Hansen has received some attention, possibly because it is 
very difficult to control by more orthodex methods (Meredith, 1944). A similar 
work with wilt of pegion pea caused by Fusarium udum Butler was undertaken by 
Vasudeva and Roy (1950). A study of microflora of ciimin wilt-sick soil of 
Rajasthan and prevalence of antagonistic fungi to P, oxysporum f. cumini was made. 


Material and Methods 

Soil samples were collected from wilt^sick fields in the month of March, just 
before harvesting of the crop from different places representing various soil 
textures in cumin growing area. Soil from 6 in. diameter around the wilted 
olants was collected in tins, after scraping the surface soil and isolations made 
as usual by soil dilution plate method on potato dextrose agar, Smith’s medium, 
Waksman’s medium and Czapek’s medium. The soil texture and its pH are 
reoresented in Table L To avoid loss of slow growing fungi which might be 
covered by fast growing types, all plates in series were checked frequently under 
a binocular microscope for a period of two weeks and the fungi were sub-cultured 
on potato dextrose agar to sioipiffy the identification of those fungi. 


For antagonistic studies, the test fungi and test organisms were simultaneo- 
uslv inoculated on the two edges of petri plates on potato dextrose agar and the 
nlates were examined upto a fortnight for inhibition zones between two organisms 
represented as the distance between the margins of the colonies of two fungi 
along the middle qf the petri plates. 
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TABLte i 


Place of collection 


Soil type 


pH 

Hindoo 


Sandy loam 


8 4 to 8-7 

Gangapur 


S andy loam 


8-8 to 9-5 

Bayana 


Sandy loam 


8'3 

Bassi 


Sandy loam 


8-1 

Deoli 


Clay loam 


8-2 

Kekri 


Clay loam 


8-1 to 9-1 


TABLE H 



Fungi isolated from cumin wilt sick, soils 





Places of soil collection 


Fungi isolated 






Hindon Gangapur Bayana Bassi Deoli Kekri 

Alternaria tenuis Nees ex Pers 

+ 

+ 



Aspergillus sparsus Rape r and Thom 




+ 4- 

A. Candidas Link 





A.flavipes (Bain and Sart) Thom 





and Church 




+ 

A.fiavus Link 





A.funiculosus G. Smith 


+ 


+ 

A. fumigatus Fresenius 





A, koningi Oudemans 




4 

A, nidulans (Eidam) Winter 




T 

A, niger van Tieghem 

+ 


■f 


A. sachari Chaudhuri 



-f 


A. sydowi (Bain and Sart) Thom 





and Church 

+ 

f + 

+ 


A. tamarii Kita 





A. unguis (Emile Weil and Gau) 





Thom and Rap 


+ 



A. verskolor (Vuill) Tiraboschi 


+ 


+ + 

A, wentii Wehmer 

+ 

f 



Aspergillus sp. (Unidentified) 


+ t 

+ 

+ 4 

Botrytis sp. 


+ 



Cephalosporium sp. 



4 


Cladosporium sp. 

■f 

+ + 


4 

Curvularia genitulata (Tr. and Ear) Boed 

+ 
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Fungi isolated 


Places of soil collection 
Hindon Gangapur Bayana Bassi Deoli Kckri 


Carvularia iunata (Wakker) Boed 
Cur vularia verruculosa Tandon and 
Bilgrami 

^Cyphollopycnis sp* 

Epicoccam nigrum Link 
Fusarium opcysporum Sc hi 
Fusarium solani (Mart) App. et. Woll. 
Fusarium sp. Link 
Fusarium semitectum Berk and Rav. 
Humicola fuscoatra Traaln 
Helminthosporium sativum Pammel, 
King and Bakke 
^ Leptosphaerulina australis McAlp 
^ Malustela aeria Batista, Lima and 
Vase. 

Mucer sp. 

Myrothecium roridum Tode ex Fr. 
Myrotheciurn striatisporum Preston 
"^^Pfeocosmospora ovatum Mathur 
^^Neocosmospora ovatum var giganteum 
Mathur 

Xeocosmospora vasinfecta Smith 
**Pfeocosmospora vasinfecta var crocea 
Mathur 

Nigrospora oryzae (Berk and Br) 
Fetch 

J^igrospora sphaeriea (Sacc.) Mason 
* Nodulisporium africanum G. Smith 
^Paecilomyces parsicinus Nicot 
^^Paecilomyces sp. 

** Paecilomyces sp. 

*'^Paecilomyces sp. 

^Pseudoplea australis McAlp. 
Penicillium decumbens Thom 
Penicillium funiculosum Thom 
Penicillium jaoanicum Van Beyma 
Penicillium terrestr e jenstn 


+ 


+ 

+ 

+ 


+ 


+ 

+ 

4 - 

+ 

+ 

4 . 


+ 

+ 


+ 

+ 


+ 

+ 


+ 

+ 


+ + 
+ 
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Fungi isolated 


Maces of soil collectioa 
Hindoo Gangapur Bayaiia Bassi Deoli Kekri 


Penicillium sp. 

-I- 



Phoma sp. 


+ 


Phoma sp. 



-f 

Phoma sp. 



+ 

Pulluhria pullulans (de Bary) Berkh 


+ 

4 

Pyihium sp. 



^ + 

Rhizoctonia solani Khun "*■ 



t + 

Sclerotium sp. 




Sphaeronema sp. 



+ 

Siachybotrys aira Gorda 


+ 


^^Siachybotrys aira var microspora Mathur 




and Sankhla 



+ 

Trichothecium rose urn Link ex. Fr. ■*" 



f 1- + 


Note — + Denotes presence of the fungus. 
*Ncw reports from Indian Soil. 
**New species. 


Conclusion and Discussion 

A list of fungi isolated from the wilt*sick soils is given in Table 11. The soils 
of Bayana and Kekri were rich in fungal flora looking to the number of species 
of fungi isolated, and those of Deoli and Gangapur were poor. Aspergillus 
found to be the most prevalent genus. Each type of soil had some species or the 
other of Aspergillus, though the species diffcicd in their distribution. The most 
preponderant species were Aspergillus riiger van Tieghern, A, candidus Link, A, 
versicolor (Vuill) Tiraboschi, A. Juniculosus G. Smith. Aspergillus niger was found 
in all the types of soils studied. Some species of Aspergillus showed rather a 
restricted distribution. Only a few species of Penicillium were isolated. The 
occurrence of Penicillia in the soils studied was poor as compared to that of 
Aspergilli. Waksman (1944) pointed out that the species of Penicillium U'ppt'dX 
common in temperai:e soils, species of Aspergillus in tropical soils and the general 
run of pathogenic fungi occurs in quantity only where suitable hosts grow or 
where conditions favour their continued existance. 

Other notable genera of Moniliales found to be of wide occurrence were 
F necilomyces and Garvularia. Three new species of Paecilomyces^ one new species 
and two new varieties of Neocosmospora and one new variety of Siachybotrys air a 
were isolated. Species of Cladosporium were common. Several fungi not reported 
from Indian soils have also been isolated. The soils under study seem to be 
rich in Ascomycetes and poor iu Phycomycetes. Some fungi could not be identi 
fled being in mycelial forms only. No co-relation was visible in soil type and 
rnicroflora. Waksman (1944) recorded that species of Mucor, Penicillium ; Tri- 
choderma aad Aspergillus predominate in soil and are closely followed by species 
of Rhizopus, Fusarium, C ep halos porium and V erticillium, Fusarium are frequently 
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isolated but mostly represent saprophytic rather than parasitic forms. Colonies 
of Sclerotmm, Curvularia and Helminihosporium may occasionally be found. 

The cumin wilt Fusarium existed in varying cultural and morphological 
forms in soil, even one gram soil contained various type of isolates (Mathur and 
Prasad, 19646). The pathogenic isolates as well as the soil isolates exhibited 
characters belonging to soil-inhabitants. Park (1958) concluded that the forms 
of Fusarium oxysporum causing vascular wilts of the palm is a soil inhibitory sapro- 
phyte and it seems more than probable that this conclusion will be extended in 
other forms of Fusarium oxysporum causing wilts. 

The micro-organisms isolated from soils were tested in vitro to see whether 

they shovred antibiosis against Fusarium oxysporum i. cumini. Only two isolates of 

Aspergillus niger inhibited growth of the Fusarium as shown in table III. Vasu- 
deva and Roy (1950) isolated Aspergillus niger and A. terreus which secreted inhibi- 
tory substances in potato dextrose broth and inhibited Fusarium udum on solid 
media. 

TABLE III 

Antagonistic activity of Aspergillus niger against Fusarium oxysporum/. 

cumini in culture 


Aspergillus niger Inhibition zones 

isolates iit rum 


A. 28 
A. 73 


None of the isolate of Fusarium oxysporum inhibited the growth of either 
other fungi or that of isolates of Fusarium oxysporum. Buxton (1960) isolated a 
large number of micro-organisms including Fylhium sp., Penicillium sp. and Stochy- 
botrys atra showing antibiosis against Fusarium oxysporum f. pisi._ He further import- 
ed that several isolates of Fusarium oxysporum not only occur in abundance in the 
rhizosphere but can inhibit the pathogenic forms specialis of the same species, 
but different strains with in one species differ in their ability to inhibit patho- 
genic Fusarium oxysporum. None of the isolates of cumin wilt Fusarium from wilt- 
sick soil showed the above character. 


17 

12 


Siiiuiiiary 

A comparative study was made of microflora of cumin wilt-sick soil of 
Rajasthan. Aspergillus niger ^ A. candidus. A, versicolor and A.funicul^us were most 
oreponderant.'^ The soils were rich in Ascomycetes and poor in Phycomycetes. 
Two isolates of Aspergillus niger showed antagonistic properties against Fusarium 
oxysporum L cumini. 

A ckiiowIedlgeii].eiita 

Sincere thanks are due to Shri T. C. Kala, Director of Agriculture, Rajas- 
than Taipur for facilities and Dr. M.B. Ellis, C. Booth, B. C. Sutton, J. O. F. 
liopkins^J. J. Elphick and Miss P. M. Stockdale of Commonwealth Mycological 
Institute, Kew for their help in identification of some of the species, 
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METABOLISM OF DETACHED LEAVES-I. CHANGES IN PROTEIN 
and free AMINO ACIDS IN BETEL LEAVES, CULTURED IN " 
DISTILLED WATER, IN LIGHT AND DARK 

Bj 

AMAR SINGH and P. N. SINGH 
Botany Department^ University of Allahabad^ Allahabad 

f Received on 2nd November, 1964] 

Introduction 

Metabolism of detached leaves has been studied, among others, by Chibnall 
(1939), Vickery et al (1937), and Ranjan et al (I960). Degradation of protein level 
in detached leaves and the accumulation of fiee amino acids and amides at the 
expense of protein breakdown has been evident (Ghibnal 1939 ; Vickery irf, 
1937 ; and Ranjan et al, 1960). 

Betel leaves are used raw with certain other ingredients by a large number 
of persons in India. It is customary that the leaves are kept detached from the 
plant under certain storage conditions with occasional weeding out of the 
rotten leaves. It is done to give the leaves a character of easy brittleness, better 
flavour and agreeable taste. The leaves also, in some cases, become whitish 
which to the casual observer is the right stage of ^‘curing’’ which it has attained. 
The chemical changes leading to the widely prevalent practice of "‘curing to 
whiteness” has not been unsheathed. The present investigations throw some 
light on the nature of chemical changes undergone during this deliberate storage 
of betel leaves. Amino acid metabolism has been reported here and investiga- 
tions pertaining to other metabolites will follow subsequently. Since protein- 
bound amino acids did not show any qualitative change during the culture- 
period, no data pertaining to them have been presented. 

Materials aud Methods 

Betel vine {Piper belle var. deshi kakair) was used for experimentation. The 
seedling plants were raised from small stem cuttings, bearing few nodes of the 
previous year’s crop, in manure-rich earthenware pots under green house condi- 
tions. The investigations were undertaken with plants grown to a uniform size 
bearing 10 leaves per plant. 

Average sized leaves selected from a group of about 50 leaves, collected 
from the fourth node down from the apex, were washed in running tap water, 
blotted gently, and exposed to air current from a fan for 15 minutes to remove 
surface water. 

Three randomly selected leaves, from the group of finally selected leaves, 
were analysed separately for amino acids and amides to check the uniformity 
of such a sample. Chromatographic analyses gave a uniform picture within 
this triplicate sample, leading thereby, to the assumption that the finally 
selected leaves were uniform not only in regard to their growth but also of close 
resemblance in their metabolic state. Combined extract of these leaves served as 
the initial sample for chromatographic analysis. 
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The leaves (15 each, for light and dark), with their petioles dipped in dis- 
tilled water (changed after every second day) in 100 ml. beakers, were placed in a 
dark chamber at room temperature (22°G±2°0) ; similar otlier set being exposed 
to diffused day-light during the day and to 200-W electric bulb kept at a distance 
of 30 cms. during the night. A stream of running water was introduced in a 
jacket between the light source and the leaf chamber to absorb the excess heat. 

Extraction of protein and 80% ethanol soluble fractions, and chromatogra- 
phic technique, were those followed by Ranjan el al (1960). Visual observation of 
spot intensity of amino acids was well in conformity with the area measurements 
with the help of a planimeter. 

Results 


Analysis of the protein of the betel leaf revealed the presence of leucines 
and phenylalanine, valine, proline, or -alanine, glutamic acid, aspartic acid, 
glycine and serine, and threonine. During culture period in both light and dark 
protein degradation was revealed by a general decrease of practically all protein 
amino acids. 

Amino acid analysis of the alcohol soluble fraction immediately after detach- 
ment (1 hour after detachment ; initial sample) showed tlu^ presence of leucines 
and phenylalanine, valine, y-aminobutyric acid, a;-alanine, gluiaraic acid, aspar- 
tic acid, asparagine, threonine, glycine and serine, and lysine and histidine. The 
absence of proline and appearance of v-aminobutyric acid in the alcoliol soluble 
fraction was observed (Table 1). The former was, however, present in the i>rotein 
fraction. 


TABLE I 

Changes inftec atnitio acids and amides in detached betel leaves 


cultured in light and dark 


Amino acids 

Initial 

sample 

Hours after detachinciU: 
and culture in light 

Hours after detachment 
and culture in dark 


48 

96 

144 

192 

48 

96 

144* 

192' 

Leucines and Phenylala- 
nine 

4-8 







5-8 

6*5 

Valine 

0-8 







1-9 

2*4 

Y-aminobutyric acid 

0-3 

0*8 

1-8 

2-9 

3-3 



1'5 

2-3 

Tyiosine 

- 


- 

- 

— 

2-0 

0-9 

3-3 

3*6 

a-Alanine 

2‘3 

1-8 

1-9 

2-8 

3-0 

3*6 

3-4 

7-1 

8*0 

Glutamic acid 

34 

5-0 

5-4 

5-5 

4-6 

5*5 

7*1 

7*2 

8*2 

Aspartic acid 

3*3 

5-2 

4-7 

5-2 

4-5 

5-0 

4*5 

5*8 

7*3 

Asparagine 

2T 

1-8 

2-3 

3-3 

3-8 

30 

3*5 

6*1 

9*2 

Threonine 

1*5 

0-2 

0-3 

0-6 

2-3 

1-2 

1*3 

2*0 

2*1 

Glycine and serine 

2-7 

3-4 

2-2 

30 

3-7 

36 

4*5 

5*7 

5*8 

Lybine and histidine 

- 

0-3 

- 

- 

- 



3*8 

2“9 




The leaves kept in the dark showed distinct signs ol etiolation alter 144 hours. 
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Figure i protrays the behaviour o! non-protein free amino adds and amides 
during excised leaf culture in light and dark. The amino acids appearing spar- 
ingly on the chromatogram are, however, not graphically represented. Although 
the general trend of response was the accumulation oi practically all the free 
amino acids and amides with minor fluctuations nevertheles , initial starvation 
induced qualitative changes and it was at later stages of starvation that no such 
qualitative changes could be observed, when the free amino acids e.^hibited 
marked changes among themselves. 




Fig 1. The behaviour of certain 
free amino acids and aspara- 
gine in detached betel leaves 
in light and dark. 

y-^amino butyric acid ; 2. Ty- 
rosine. 3. Cl”” alanine « 4. Gluta- 

mi:: acid ; 5. Aspartic acid ; 6. As- 
paragine ; T • Theronine ; 8. Glycine 
and serine. 



HOURS AFTEfi DETACFFHENT 


Of the two amides, asparagine and glutamine, the Aark^ thaV^n 

only one traceable accumulated considerably much more m j 

Sgh; as was usa.1 wish practically all the amino Icrinewcc 

a alanine, glutamic acid, aspartic acid, asparagine and g Y show 

visibly the dominant amino acids on the chromatogram, an 
a steadily increasing level. 


[ 283 ] 



I ^ 

Discussioai 

The dynamic state of protein leads us to visualize the synthesis and 
down of this important constituent as a simultaneous process in detached leaves. 
The accumulation of free amino acids in excised leaf may thus be regarded as 
the resultant of two forces, degredation of protein dominating over the synthesis. 
Synthesis of protein in detached leaves has, however, been shown by exploratory 
studies of Racusen and Arnoff (1954) and of Ghibnall and Wiltshire (1954). 

Although it seems fairly well established that the accumulation of the free 
amino acids in detached starving leaves, cultured in light and dark, may be a 
resultant of protein breakdown and synthesis ; the former dominating, the possi- 
bility of the synthesis of amino acids from the G-residues obtained due to rapid 
glycolysis, and the ammonia produced by the oxidative deamination of amino 
acids concomitantly occurring in detached leaves, cannot be ignored. Such a 
possibility is clearly borne out by the findings of Rogers (1954) who, through his 
radioactive studies, has shown that uniformly labelled sucrose was initially trans- 
formed most rapidly by darkened leaves into alanine, glutamate and aspartate 
and subsequent moderate incorporations were detected into glycine, threonine, 
valine and methionine. Evidently the comparatively more dominance of glutamic 
acid, aspartic acid and alanine in darkened betel leaves lends support to the 
findings of Rogers (1954). It is also consistent well with the view that these 
amino acids arose from pyruvate ; excess of a-ketoglutarate and oxaloacetatc 
being available possibly through rapid glycolysis ol starch apart from that derived 
from protein breakdown. 

The rapid increases of the dicarboxylic amino acids, glutamic acid and 
aspartic acid, in detached leaves in dark, may thus be visualized upon as 
resultant of initial protein breakdown and synthesis at the expense of depleting 
carbohydrates in starving leaves. This reaffirms the central position of these 
amino acids constituting important links between the carbohydrate and nitrogen 
metabolisms. Increases in the other amino acids were largely due to portcin 
breakdown and possible interconversions within the wide range of amino acids. 
The appearance of y-arninobutyric acid and amide asparagine, which did not 
constitute the protein moiety in the betel leaf could only be looked upon as 
resultant of interconversions as well as some secondary reactions following protein 
breakdown. 

As carbohydrates were usually sufficient in the leaves in light, protein break- 
down was occurring, however, the free amino acids accumulated as much as in 
the dark, but the respective levels of glutamic acid and aspartic acid were always 
lower in light than in dark possibly due to their utilization in the synthesis of 
protein which proceeds simultaneously to the breakdown in excised leaves cultur- 
ed in light at a more rapid rate ; this lends support to the findings of Ranjan et al 
(1960). The high level of various other free amino acids upto late hours in light 
seems to be due to the sparing action of carbohydrates in relation to amino acids. 
Absence of proline in the soluble fraction may be visualized as the result of its 
rapid interconversion to other amino acids in the free amino acid pool imme- 
diately after its release from the protein moiety. 
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Stimmary 

Changes in the protein and free amino acids have been studied in detached 
betel leaves cultured in distilled water in continuous light and dark using paper 
chromatographic methods. Evidence is presented that although the total amino 
nitrogen content increases both in light and dark in excised starving leaves, the 
behaviour of individual amino acids varies considerably. Evidently non protein 
amino acids and amides undergo interconversions among themselves. The level 
of asparagine and a majority of free amino acids was higher in darkened leaves 
than those cultured in light ; possibly due to more rapid protein breakdown in 
the absence of sufficient carbohydrates. 
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UTILIZATION OF MONOSACCHARIDES BY SOME 
ANTHRAGNOSR FUNGF 
By 

R. H. SINGH, A. K* GHOSH and R. N. TANDON 
Botany Department, University of Allahabad, Allahabad, India 
[Received on 19th November, 1965] 

Monosaccharides play a vital role in the nutrition of pathogenic fungi. 
It has repeatedly been shown that usually these organisms convert complex 
carbohydrates into monosaccharides before utilization. Apart from occurring 
freely in various fruits these sugars are also present as component units of oligo- 
saccharides {e,g. sucrose) and different polysaccharides like starch, xylans and 
arabans. Carbon nutrition of anthracnose fungi causing fruit-rot has been studied 
by some investigators including Thind and Sandhu (1956), Grewal (1957), Thind 
and Rawla (1958), Misra and Pandeya (1962), Mueller ( 1962) and Misra and 
Thakur (1965). But so far no detailed investigation on utilization of monosac- 
charides by these pathogens has been undertaken. In the present study the rate 
of assimilation of different monosaccharides by four anihracuosa; fungi has been 
ascertained by regular chromatographic analysis of the culture media. The 
growth attained by these organisms after three different periods of incubation 
was simultaneously measured for gaining a proper understanding of the compara- 
tive efficiency of these fungi in utilizing different monosaccharides. 

Materials and Methods 

Single-spore cultures of Collet otrichum gloeosporioides Penz., Colletotrichum 
papayae?-B.enn.,Gloeosporiumpsidii Delacr. and Gloeosporium musarum Cooke ct 
Mass, isolated from diseased fruits of mango {Mangifera indica L.), papaya {Carica 
papaya L.), guava (Fsidium guajava L.)and banana {Musa paradisiaca L.) respectively, 
were employed. The basal medium consisted of KNOg, 3‘5 g ; L75 g ; 

MgSO^, 7HaO, 0*75 g ; and distilled water 1000 ml. To this medium each 
monosaccharide was added singly in such a quantity so as to furnish 4 g of carbon 
per litre. Eight monosaccharides, D-glucose, D-fructosc, D-galactose, D- 
mannose, L-sorbose, L-rhamnose, D-xylose and L-arabinose, were used. In 
each case the initial pH of the medium was adjusted to 5*8 as it was found to 
be most suitable. 25 ml of the medium was apportioned in each of the 150 ml 
P^rex Erlenmeyer flasks and autoclaved at 15 lbs pressure for 15 minutes. After 
inoculation with the respective organisms they were incubated at 25 ± 1°G, 
Every day 0*005 ml of the medium from each set of flasks was analysed by circular 
paper chromatographic technique employed by Ranjan et at, (1955). The running 
solvent was ;z-butanol-acetic acid-water (4:1:5; upper phase) and the spray 
reagent used was aniline-diphenylamine phosphate (5 vols. 4% aniline, 5 vols. 4% 
diphenylamine and 1 vol. orthophosphoric acid ; Buchan and Savage, 1952). 
After spraying, the bands of different sugars were developed by heating the 
chromatograms at 110°G for 90 seconds. At the end of each incubation period 
the mycelial mats were harvested on previously dried and weighed Whatman 
No. 42 filter p?^pers and simultaneously the pH of the filtrate was determined. 
Incubation periods of 5, 10 and 15 days were used. The average dry weight of 
the mycelial mats was taken as the criterion for growth. In order to visualize the 

*This research has been financed in part by a grant made by the United States Department of 
Agriculture, Agricultural Research Service, under P. L, 480. 
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comparative efficiency of growth attained by these anthracnose fungi on different 
monosaccharides the method recommended by Cochrane (1958) was employed. 
Accordingly, in each case the growth attained on glucose by a particular 
organism was taken as 100 and from this the values for growth of other sugars 
were adjusted. This value has been termed as Glucose Index of growth and has 
been calculated by the formula — 

dry wt. on a particular sugar X 100 
dry wt. on glucose 
All the experiments were conducted in triplicate sets. 

Reselts 

The results obtained have been summarized in Tables 1 and 2. 

TABLE 1 

Showing diy weight of mycelium, pH of the medium and persistence of sugar during 
the utilizntion of different monosaccharides by four anthracnose fungi 


Days of 
Sugar incu- 
bation 

C. gloeosporioides 

C. papayae 

G, psidii 

G. musarum 

Dry wt. 
mg 

Sugar 
pH present 
Days 

Dry wt. Sugar Dry wt. 

mg pH present mg 
Days 

Sugar 
pH present 
Days 

Dry wt, 
mg 

pH 

Sugar 

present 

Days 

GLUCOSE 



6 



5 



5 



10 

5 

42-0 

6*1 


40*8 

6*6 


50*4 

6*3 


11*3 

5*9 


10 

98*9 

7*1 


89*5 

7*0 


100*3 

6*9 


54*0 

6*6 


15 

82-0 

7*5 


78*5 

7*6 


90*6 

7*4 


70*2 

6*9 


FRUCTOSE 



9 



6 



5 



14 

5 

29-9 

6*6 


40*6 

6*9 


45*8 

7*0 


12*0 

6*3 


10 

80*0 

7*2 


87*5 

7*2 


93*1 

7*4 


57*4 

7*1 


15 

76*2 

7*6 


81*1 

7*8 


82*9 

7*8 


81*0 

7*4 


GALACTOSE 



15 



10 



8 



15 

5 

25*1 

6*0 


34*3 

6*3 


31*2 

6*4 


12*5 

5*8 


10 

82*5 

6*7 


84*3 

7*1 


95*3 

6*9 


30*4 

6*1 


15 

91*5 

7*0 


84*7 

7*2 


89*1 

7*0 


42-3 

6*4 


MANNOSE 



7 



5 



8 



13 

5 

48*0 

6*6 


38*9 

6*8 


50*2 

6*2 


22*0 

6*5 


10 

74*4 

7-4 


68-9 

7*3 


76*7 

7*2 


66*1 

6*9 


15 

62*5 

8*1 


61*3 

7*8 


70*7 

7*6 


82*6 

7*2 


SORBOSE 



10 



15 



11 



15 

5 

9*6 

5*8 


8*3 

5*8 


i9*7 

5*9 


3*8 

5*8 


10 

57*1 

6*7 


35*7 

6*1 


77-3 

6*7 


17*1 

5*9 


15 

62*7 

7*2 


75*1 

6*7 


82*7 

7*0 


28*1 

6*3 


RHAMNOSE 



8 



8 



8 



15 

5 

26*5 

5*9 


24*0 

5*8 


28*7 

5*4 


7*5 

5*7 


10 

49*9 

7*0 


50*7 

7*1 


48*9 

5*6 


19*8 

5*8 


15 

51*5 

7*3 


50*3 

7*6 


44*1 

7*5 


34*1 

5*9 


XYLOSE 



8 



12 



8 



9 

5 

21*9 

6*1 


14*9 

6*1 


32*2 

6*3 


20*8 

6*1 


10 

83*3 

7*0 


64*3 

6*7 


78*5 

6*7 


79*1 

7*0 


15 

81*3 

7*2 


72*5 

7*0 


67*3 

7*0 


68*9 

7*2 


ARABINOSE 

5 

13*7 

6*1 

12 

26*7 

6*2 

9 

39*4 

6*6 

7 

17*6 

5*9 

15 

10 

70*3 

6*9 


73*7 

7*1 


89*3 

7'1 


42*0 

67 


15 

74*8 

7*3 


73*7 

7*3 


79*8 

7*4 


64*7 

6*9 
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TABLE 2 


Showing the Glucose Index of growth of four anlhracnose fungi on different monosaccharides 


Sugar 

Days of 
incuba- 
tion 

C. gloeo^ 
sporioides 

G. papayae 

G. psidii 

G, musarum 

FRUCTOSE 

5 

71 

99 

91 

106 


10 

81 

98 

92 

106 


15 

93 

103 

91 

115 

GALACTOSE 


5 

60 

84 

62 

110 


10 

83 

94 

94 

56 


15 

112 

108 

98 

60 

MANNOSE 


5 

114 

95 

99 

195 


10 

75 

77 

76 

122 


15 

76 

78 

78 

117 

SORBOSE 


5 

23 

20 

39 

29 


10 

58 

40 

77 

32 


15 

76 

95 

92 

40 

RHAMNOSE 


5 

63 

59 

57 

66 


10 

50 

57 

48 

37 


15 

63 

64 

49 

48 

XYLOSE 


5 

52 

37 

61 

184 


10 

84 

72 

78 

146 


15 

99 

92 

74 

98 

arabinose 


5 

33 

65 

78 

156 


10 

71 

83 

88 

78 


15 

91 

94 

88 

92 


Discussion and Conclusions 


It is evident from the results that all the monosaccharides employed in the 
present study were readily utilized by the four anthracnose fungi. Their rates 
of utilization as well as the amount of growth produced on them, however, 
showed much variation. Glucose, fructose, mannose and rhamnose were con- 
sumed at a rapid rate by all the organisms except G. musatum. Sorbose was 
assimilated at a slow rate. G. m«r< 2 rMm consumed up xylose in a comparatively 
short period (9 days). The four anthracnose fungi showed marlced differences 
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in their rates of utilization of galactose. C. gloeosporioides and G. musarum could 
not completely utilize this sugar within 15 days, whereas C. papayae and G. psidii 
took 10 and 8 days respectively to consume it. 

Glucose and fructose supported good growth of all the organisms included 
in the present investigation. The maximum dry weight of all the pathogens, 
except G. musarum, on these sugars was obtained after 10 days of incubation and 
a decline was observed after 15 days. In case of G. musarum the highest dry weight 
on xylose was attained after 10 days of incubation and a decrease was noticed 
after 15 days ; on the rest of the sugars the dry weight recorded an increase 
upto the end of the final incubation period. In general, whenever a sugar was 
exhausted within a short period the dry weight at the end of the experiment 
showed a decline or tended to become constant. 

All these four anthracnose fungi exhibited exceedingly poor growth on 
sorbose at the initial stage of incubation. Poor utilization of sorbose by fungi 
has been reported by numerous investigators. Lilly and Barnett (1953) have 
ascribed this phenomenon to the killing of the growing hyphal tips followed by 
branching ojf mycelium below the killed portion resulting in restricted colonial 
growth. At later stages the growth of the organisms under the present investiga- 
tion showed much improvement on sorbose. This was apparently due to adap- 
tation of these pathogens to utilize sorbose on prolonged incubation. Thind 
and Rawla (1958) reported slightly better growth of Gloeosporium psidii on sorbose 
than on glucose. The present isolate of G. psidii behaved differently, because 
at all stages of incubation the dry weight on glucose was more than that on 
sorbose. The isolate of Gloeosporium musarum studied by Grewal (1957) attained 
very good growth on L-arabinose, The growth recorded for the present isolate 
of G. musarum on L-arabinose was throughout less than that on glucose. G. psidii 
made comparatively poor growth on xylose. Similar observation was also made 
by Thind and Rawla (1958). 

The results obtained in the present investigation indicate that the rate 
of utilization of monosaccharides could not always be correlated with the amount 
of mycelial output. Sometimes final growth attained by a particular organism 
on a sugar with a slow rate of assimilation was better than on a sugar with a 
rapid rate of assimilation. 

The drift in pH of the medium showed similarity in all cases, differing only 
in minor details. The general trend showed a drift towards neutrality or slightly 
towards the alkaline side. It will be worthwhile to point out that the pH of the 
medium did not shift beyond the range found to be suitable for active growth 
of the present organisms in earlier observations. 

The present results clearly show that the amount of the growth produced 
by a certain organism varied considerably on various monosaccharides at different 
stages of incubation. A sugar which supported poor mycelial development at 
early stage ot incubation often showed good growth at later stages. For 
example, when the growth ofC. gloeosporioides on galactose is compared with that 
on glucose after 5 days of incubation, it would appear that the growth on galac- 
tose was much inferior. On the contrary, fromt he results of 15 days of incubation 
galactose would appear to be even better source than glucose. Obviously, this 
IS due to the fact that on glucose there was a fall in mycelial dry weight at later 
stage of incubation, whereas the dry weight kept on increasing on galactose. 
Just the reverse case was observed during the utilization of mannose by C. gloeos- 
porioides, where in spite of very good mycelial production at early stages of 
tncubation the final attainment was comparatively poor. This elucidates the 
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drawback of the conventional practice of employing a single incubation period 
for harvesting the mycelial mats and assessments made from such data* It^ there^ 
fore, seems desirable to employ a number of incubation periods and at the same 
time to find out the rate of assimilation of various sugars, in order to make a 
proper evaluation of the role of different sugars in the nutrition of fungi. 

Summary 

Utilization of eight monosaccharides, viz., D-glucose, D-fructose, D-galac- 
tose, D-mannose, L-sorbose, L-rhamnose, D-xylose and L-arabinose, by GoUe- 
totrichum gloeospomides, G. papayae, Gloeosporium psidii and G. musarum isolated from 
diseased fruits of mango, papaya, guava and banana respectively, was studied. 
Chromatographic analysis of the culture medium revealed that glucose, fructose, 
mannose and rhamnose were rapidly assimilated by all the organisms, except 
G. musarum. Sorbose was utilized at a slow rate. Mycelial output was good on 
glucose and fructose. The growth on sorbose was very poor at early stage of incu< 
bation, but at later stage much improvement was observed. The four anthracnose 
fungi showed much variation in their utilization of xylose and arabinose. In 
most of the cases where the sugar was exhausted from the medium within short 
period, a decline in the dry weight was recorded at later stage of incubation. The 
pH changes of the media showed a drift towards neutrality or slight alkalinity 
in all cases. 
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ALTERNARIA LEAF SPOT OF TOMATO 

By 

R. N. TANDON 

Botany Department, Allahabad Unioenity, Allahabad 
and 

C. CHATURVEDI 

Ue P. Agricultural University^ Pantnagar (Nainital) 

The importance of tomato as a vegetable crop has greatly increased during 
the last few years. It is not only used as a fresh vegetable, but is also canned 
alone or combined with other foods. It is an excellent source of vitamin G and 
can furnish other vitamins. Prevention ot losses from diseases is a major factor 
in obtaining the maximum production of tomatoes. The losses can be avoided 
only when the diseases responsible for them are properly studied and effectively 
combated. 

Alternaria leaf spot is one of the most common diseases of many wild and 
cultivated plants, including tomato. Many species of this genus, viz., A, longtpes 
(Ell. and Ev.) Mason, A. solani (Ell. and Mart.) Jones and Grout, Gke., 

and A, violae Galloway and Dorsett (and some unidentified species) have been 
reported on Solanaceous plants in this country. Rangaswami and Sambandam 
(1961) reported occurrence of a new species of Alternaria^ A. melongenae Rang, and 
Samb, on brinjal (egg plant) and chilli, 

Butler (1918) considered Macrosporium tomato as a synonym of A. solani but 
both of them are now regarded to be identical with A. tenuis which may cause 
fruit rot of tomatoes in India. McGolloch (IbiSl) and Butler (19)9) have reported 
a fruit rot of tomato caused by AJ tenuis at Maryland and Galifornia respectively. 
Rangaswami and Sambandam isolated A, tenuis from diseased leaves of 

Datura Jastuso^ Capsicum annum and letunia kybrida. They made a detailed study 
of its palhogt necity, host range and morphological, cultural and physiological 
properties. Kapooi and Hingorani (1958) mentioned that A, tenuis caused a leaf 
spot disease of brinjal, tomato and potato growing in the botanical area of Indian 
Agricultural Reseaich Institute, New Delhi. They confined their investigations 
to brinjal only and in order to devise control measures they studied the mode of 
transmission of the disease. 

Pathological studies on Alternaria tenuis Auct. causing leaf spot disease of 
tomato were undertaken because of the lack of pioper information about this 
disease. 

Materials and Methods 

The fungus was isolated from the infected leaves of tomato collected from 
several fields at Allahabad and neighbouring places. The usual technique of 
isolation, purification and subculturing was used. 

Artificial inoculations of A. tenuis were tried on different parts of the host. 
Pathogenecity tests were conducted on injured as well as uninjured surfaces. The 
surfaces were sterilized with 90% alcohol or 0T% mercuric chloride. The leaf 
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surfaces were then thoroughly washed with sterilized water. Injury was always 
inflicted with the help ot sterilized needle. Care was taken to avoid deep wounds. 
Reisolations were always made to confirm the results. The following methods 
of inoculations were tried : 

(1) Mass inoculation method. this method a mass of spores and mycelium 

were placed on the injured or uninjured surface. 

(2) Spore suspension method.^Spore suspension in sterilized water was prepared 

and it was sprayed with an atomizer on the injured or uninjured 
surfaces of the leaves. 

Cross inoculations were carried out on different hosts. Various fungicides 
were evaluated in the Laboratory and the suitable ones were then sprayed or 
dusted on the leaves of the host at various intervals (both before and after 
artificial inoculations}. 

Symptoms 

Plants in any phase of development may become infected by the fungus, but 
in fields the symptoms of blight disease appear first on older leaves which show 
round spots of light brown colour. They vary from 3 to 10 m.m. in diameter. 
Sometimes two or more spots coalesce together and give an irregular appearance. 
Due to the production of spores the colour of the spot gradually changes from 
light brown to dark brown. As the spots enlarge to 9 or 10 m.m, in diameter, 
they are readily recognised by the concentric rings or zonations and hence the 
name target spot has been used by some investigators, while referring to this 
disease. 

Frequently the spots have also been observed to begin from the margins of 
the leaves which become curled or twisted. At that stage their symmetric ring 
like appearance is often lost in the uneven outline at the edge of the leaf. The 
diseased and healthy portions of the leaf are always separated by the warm buff 
colour. Lesions are confined only to the leaf blades. No lesions have ever been 
found on fruits of any age. 

The disease of tomato by A, tenuis makes its first appearance by about the 
last week of September or the beginning of October. Ixifection is at its peak from 
the middle of December to early January. Fresh infection ceases at later stages 
when the temperature begins to rise and the humidity decreases. 

Morphology of the Fungus and Host-Farasite Relationship 

Only leaves of Lycopetsicum esculentum, were infected by A. tenuis. The causal 
organism is generally , incapable of producing any active rot on healthy mature 
fruits. Microtomed sections passing though the healty and diseased areas of the 
leaf and pathogenecity tests have established that the germ tube of A. tenuis was 
incapable of penetrating through the stomata or cuticle. Mycelium was always 
observed entering into the host tissue through injured surfaces {viz., ruptured 
cuticle or epidermis). 

Mycelium was intercellular and it consisted of light brown or dark olive buff 
hyphae which were septate and 3-7 /a wide. Gonidiophores were also septate, 
38*7~75-4i«- long and 2’8-5*6 /a wide. They appeared in clusters from the dead 
spots. Conidia were very variable in shape and were formed in chains. Mostly 
they were very long, bottle shaped, terminating in a long septate cell and some- 
times branched beaL They measured from 18’9-32‘4x 8“1-16*2 /a and were 
divided by 2-6 transverse septae. Occasionally the broader compartments were 
further divided by 1-3 longitudinal septa. The spores were orange citrine ip 
colour, 
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Patliogenecity Experiments 

^ In Older to test the pathogenecity of A. tenuis, the organism was niass 
inoculated and/or was inoculated by spore suspensions on young as well as old 
leaves of tomato. It was observed that A, tenuis was able to cause infection only 
when the^ surface of the leaf was injured. It was incapable of infecting leaves 
without injury even though numerous stomata were present. Infection was 
possible by both methods, but the percentage of disease was comparatively 
greater when the inoculations were made by the ‘mass inoculation’ method. 

Artificial inoculations by various methods established that the symptoms of 
the disease appeapd between 3rd-5th day on old leaves and 5th-6th day on 
young leaves. Besides leaves the organism was inoculated on petioles, stems 
(young 20-30 days, old 4-5 months) and calyx of the flower. Apart from this the 
spore suspension was also sprayed through an atomizer on the young flower buds 
but no infection was observed in any case. Possibility of infection through 
hydathodes, which are present in the tomato leaf, was also ruled out as no infec- 
tion took place when the inoculum was placed in their vicinity. It has been 
reported by various workers that susceptibility of tomatoes to decay by Alternaria 
is increased if tomato fruits are held for a week or more at low but not at freezing 
temperatures. In order to see whether the present species of Alternaria is capable 
of causing any rot of detached tomato fruits, ripe as well as green fruits were 
taken. They were kept at various temperatures [viz., 10°G, 15°G, 20'’G and 
25''G) for 7 days. Subsequently they were taken out and washed with 90% 
alcohol and inoculated by inserting a small mat of mycelium along with spores 
through a wound caused by a sterile scalpel. They were incubated at room 
temperature (25®G). After a week of incubation, they were examined and it was 
found that the pathogen did not grow in the surrounding tissue and it failed to 
develop any diseased lesions. These results demonstrated that A, tenuis was 
incapable of causing any rot to ripe or green fruits. 

Fruits attached to plants were also inoculated with this fungus, but they 
also failed to get infected. 

CrodS Inoculation.-^ln order to determine the host range of the fungus, some 
of the important vegetable crops of the locality and certain other hosts which are 
susceptible to A, tenuis were inoculated with the present organism. The plants 
were examined after 10 days and the results are recorded in table 1. 

TABLE 1 


Showing the results of cross inoculations of different parts of various plants. 


Name of the plants 

Parts of the plant 

Gondition of the parts 

Injured Uninjured 

Pandanus odoratissimus L. 

Leaf 


- 

Areca alba, Bory, 

Leaf 

- 

- 

Ricinus communis L. 

Leaf 

- 

- 


Petiole 

- 

- 

Tagetes signata^ Bartl. 

Leaf 

- 

— 

Dracaena fra grans, Ker-Gawl. 

Leaf 

+ 

■ 
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Name of the plants 

Parts of the plant 

Condition of the parts 

Injured Uninjured 

Acalypha indica L. 

Leaf 

- 



Petiole 

— * 


Fyms malus L. 

Datached fruits 

+ 

- 

(Van Golden delicious) 

Pyrus malus L. 

Datached fruits 

+ 

- 

(Van Ambri Kashmiri) 

Pyrus communis L. (Nakh) 

Detached fruits 

4- 


Solanum meLongena L, 

Leaf 

- 



Datached fruits 

-- 

- 


Attached fruits 

- 


Euphorbia pulcherrima^ Willd. ex. Poir 

Leaf 

- 



Stem 

- 

- 

Solanum tuberosum L. 

Leaf 

- 

- 


Potato tubers 

- 


Capsicum annuum L, 

Leaf 

- 



Stem 

- 

- 


Attached fruits 

- 



Detached fruits 


-- 

Raphanus sativus L. 

Roots 


- 

Gossypium arboreum L. 

Leaf 




(+ indicates infection while failure is represented by - ) 


The above results show that besides tomato A* tenuis could infect leaves of 
certain other plants also, provided the inoculum was kept on injured surface. 

No infection was developed on stems and petioles of any plants inoculated 
with this organism. It was also able to cause infection on detached fruits of 
apples (two varieties) and pear. 

Control Measures 

Tillex (ethyl mercury chloride), diath.ine Z78, zinc ethylenebis (dithiocarba* 
mate), copper sandoz (copper oxychloride), cuprovit (copper oxychloride), zinc 
sulphate, onyxide (mixture of alkenyl dimethyl ethyl ammonium bromides), 
isothan 0^15 (lauryl iso quinolinium bromide), spergon (tetrachlorobenzoquinone), 
zerlate (zinc dimethyl dithiocarbamate), ceresan (ethyl thiomercuric chloride), 
kirtij copper (copper oxychloride), bordeaux mixture (5:5: 50) and peronox 
(copper oxychloride), were evaluated in the laboratory, so as to observe the 
inhibiting effect of these fungicides on the growth of the organism. 

for this purpose, sterile pieces of cotton threads (1-2 inches in length) were 
sprayed on petridishes containing the medium. The fungus was inoculated in 
9 to 10 petridishes and was allowed to grow over the threads. The pieces of 
threads were removed from petridishes with the help of sterile forcep and they 
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Weife cut into small pieces with sterile scissor. These cut pieces were eithet 
rolled or were dipped in liquid fungicides. These were then transferred to 
petridishes containing the medium which were subsequently incubated at 30°G. 
They were examined after five days. It was found that tillex, onyxide, ispthan 
Q;*15, zerlate, cerasan, kirti copper, spergon and peronox completely inhibited 
the growth of the organism. The minimum effective concentration of the 
effective fungicides were also determined in the same way as mentioned above. 

For the held trials only tillex, peronox, onyxide, isothan and kirti copper 
were used. The fungicides were sprayed or dusted on the leaves at various 
intervals (both before and after artificial inoculations). The minimum effective 
concentrations determined on the basis of laboratory trials were used. The 
results are summarized in table 2. 

TABLE 2 

Showing the effect of A. tenuis on the leaves of tomato (Lycopersicum esculentum) 
sprayed or dusted with various fungicides {Sign -j- or - has been used to 
denote the appearance or absence of disease respectively). 



Time of 
inoculation 

0-2% 

tillex 

0-33% 

peronox 

0-8% 

onyxide 

0-8% 

isothan 

50% 

kirti 

copper 

L 

Just after application 

- 

- 

- 

- 

+ 

2. 

24 hours after application 

- 

— 

+ 

+ 

+ 

3. 

48 hours after application 

- 

- 

+ 

+ 

-r 

4. 

96 hours after application 

+ 

+ 

+ 

+ 

+ 

5, 

1 week after application 

+ 

+ 

+ 

+ 

+ 

6. 

Just before application 

■ 

— 

- 

— 

+ 

7. 

24 hours before application 

- 

— 

— 

— 

+ 

8. 

48 hours before application 

- 

— 

+ 


+ 

9. 

96 hours before application 

+ 

+ 

+ 

+ 

+ 

10. 

1 week before application 

+ 

+ 

+ 

+ 

+ 


Table 2 shows that 0*2% tillex and 0’33% peronox were more effective 
fungicides as compared to onyxide and isothan because they could check the 
spread of the disease provided they were applied 48 hours before or after 
inoculations. 

Onyxide and isothan were effective, provided the inoculum did not fall on 
the host earlier than 24 hours. Kirti copper which was effective in the labor- 
atory, was found to be useless when applied in the field. It could not check the 
disease at all. 

Discussion 

The present organism is a weak parasite as it can infect the plant through 
injured surface only. Similar results were also obtained by Tandon and Ghosh 
(1962) for A. tenuis infecting Pyrus communis (Nakh) fruits. 

The infection was more easily achieved on older leaves and it appeared in 
shorter period than on younger ones. This appears to be due to greater suscep- 
tibility of older leaves. 
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dross inoculations on other plants showed that it could infect sorhe Other 
hosts. It is thus clear that the organism under study is not highly specific. 

Chaturvedi (1961) established that the fungus could tolerate fairly high 
temperature and was able to survive on the host or in the soil for a very long 
time. These^results indicate the reason for annual recurrence of the disease. 

It has been established that 0*2% tillex and 0*33% peronox were fairly 
effective fungicides for the control of the leaf spot disease of tomato. The present 
investigations indicate that the effective fungicides could control the disease only 
if they could bCiapplied within 48 hours of the association of the fungus with the 
host. Whenever the fungicides were applied earlier, the disease was not cor trol- 
led. It will be very difficult to know the exact time when the fungus will reach 
the host and thus repeated application will be needed for effective control. 

Summary 

A detailed study of Alternaria tenuis Auct. causing leaf spot disease of tomato 
was made. The organism was brought in culture, purified and its pathogcnecity 
was established. Gross inoculations were made and it was found that it could 
infect the leaves of Pandanus odoratissimus and Dracaena Jr agrans as well as the fruits 
of pears and two varieties of apples. 

It was found to be a weak parasite and could infect the host only through 
injured surface. Laboratory evaluation of fungicides showed that tillex, onyxide, 
isothan Q- 15, zerlate, cerasan, kirti copper, spergon and peronox could inhibit 
the growth of the organism. The disease could be coniroUed by repeated appli- 
cations of 0*2% tillex and 0*33% peronox. None of the other fungicides were 
effective under field conditions. 
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IiAtrodiactioii 

A. comparative study of a larva and its adult envisages to serve a two fold 
purpose i firstly it presents specefic characters of morphological and anatomical 
importance and secondly it renders valuable information regarding their struc- 
tural diflFerences of phylogenetic significance. These differences are liable to 
reflect changes in the musculature of the larva and its adult. Comparative 
studies ot the musculature of larva and its adult have been hardly attempted 
so far. The only notable contribution is by Grampton (1921) who compared 
the muscles of the maxilla olCorydalas larva with that of its adult. Thus there 
is a great lacuna in such type ot studies of comparative musculature. No doubt 
the contributions of Lozenski (1908), Miller (1933), Das (1937), Korn (1943), 
Kramer^(1955) and Ryuichi (1956) are of great importance in this reference but 
they restricted their studies either on the musculature of the adults or on the 
larvae of Neuropterous insects. 

The present paper constitutes part two of the current study on the cephalic 
musculature of Myrmeleon larva (Srivastava, 1964) and its adult. It deals in 
detail with the cephalic muscles of the adult Myrmeleon ; the muscles have been 
compared with those of its larva. Ihe existence of the remarkable difference 
in the feeding habits of the larva and that of its adult, namely piercing type of 
the former and chewing type in the latter, provides an interesting situation in 
their working mechanisms particularly with reference to the muscles associated 
with the mouth parts. The present work discusses the structure-function relation- 
ship in the light of the aforesaid statement. 

Material and Metbod 

Adult insects were collected by light traps in the urban locality of Adarsh 
Nagar, Ajmer. The insects were killed and preserved either in a solution of 
chloral hydrate and - phenol (50 ; 50) or in 70 alcohol. Dissections were done 
under a stereioscopic binocular microscope in 70% alcohol. 

Head 

The head (figs. 1 and 2) is large and compressed cephalocaudally. The 
mouth parts are of hypognathus type. The compound eyes are dark j brown with 
a tinge of phosphorescent greenish blue shade. The head capsule is so strongly 
sclerotised and its regions so firmly fused that only a few sutures are visibly pre- 
sent. The coronal suture of the epicranial eedysial cleavage line is present ; there 
are no frontal arms. Due to the absence of the latter the extents of irons are not 
clearly marked off. An epistomal suture separates the irons from the clypeus. 
The clypeus is roughly divided into two parts, the antcciypeus and the post-ciy- 
peus. The labrum is articulated with the anteclypeus. Lying laterad to clypeus 
and frons are the genae. The antenna is situated on a projection of the genalarea. 

*|n^ect-Taxonomist Agricultural Experiment Station, University of Udaipur, Udaipur^ 
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ABBREVIATIONS 


A — antcnxia ; AA — anterior arm ; AB— anterior sclerite ; AG — antedypeus ; C A proximal 
sderite: GB — anterior sclerite ; CD — cardo ; CS — coronal suture; DA— -Dorsal arm; E 
compound eyes ; ES— -epistomal suture ; FM— foramen magnum ; FR frons ; G geaa ; GL 
galea ; HS— hypostomal suture ; HX — hyphopharynx ; LB — labium ; LG— lacinia; LG ligula ; 

Lp labial palp *, LR — labrum ; M — mandible ; MXP — maxillary palp ; MX mouth. ; OC occi- 

p^t . PA— posterior arm ; PC— post clypeus : PMT— post mentum ; POS— postoccipital suture ; 
Pt-posterior tentorial pit; SD- salivary duct; ST-stipes ; T- tentorium ; TB-tentorial 
bridge; 1— compressor muscle; 2— median labral ; 3— la ernl laberal ; 4— cibarial ; 5 lateral 
mandibular extensor ; 6— mesal mandibular extensor ; 7 —promotor of veracardo 8— adductor 
of cardo ; 9— adductor of stipes ; 10— cephalic stipital tentorial; 11— caudal stipital tentorial 
12— stipito-lacinal ; 13— cranial flexor ; 14— galeostipital muscle: 15-20— palpal muscles; 21— 
retractor muscle ; 22— dorsal longitudinal retractor ; 23r-vcntral longitudinal retractor ; 24 and 
25- fllcxors of glossa and paraglossa ; 26-30— muscles of labial palpus ; 31— hypopharyngeal re- 
tractor ; 32— muscles of salivos ; 33— dorsal antennal ; 34— lateial ^antennal; 35— mesal anten 
nal ; 36-40 dorsal pharyngeal muscles ; 4l-44-ventral pharyngeal muscles. 
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5n the posterior side of the head the post-occipital suture is feebly recognised, 
the extents of occiput and post-occiput are not made out. The maxilla of each 

side fits in a socket, tlie hypoatoina. The mandibles arc present above the 
maxillae ; they are hinged dorsally and ventrally to the anterolateral margins ot 
the epicranium. 

Tenforiuitt 

The tentorium (fig. 3) consists of a stout pair of anterior arms.' From the 
latter arise small sdsroiised outgrowths the dorsal arms. The posterior arnis are 
short and blunt. The tentorial bridge which receives the anterior and posterior 
arms is a highly sekrotised and strong structure. 


Labrnm 

The labrum (fig, 4) of the adult Myrmeleon^ like that of its larva, is flat and 
broad and a double walled structure. 

Musculature . — Extending between the anterior and posterior walls of the 
labrum are present a pair of small compressor muscles (fig* 4 ; 1). They are 
situated at the lateral margins of the labrum. A pair of median labral muscles 
(fig. 4 ; 2) arises from the mid-posterior region of the Irons and is inserted on the 
middle region of the labral base. The lateral labral muscles are paired (fig. 4 ; 3) 
and each arises from the dorsolateral aspret of the frons to be inserted on the 
lateral side of the labrum. The disposition of the median and lateral muscles of 
the aduli Myrmeleon is almost similar to those of its larva. I he position of the 
compressor muscles in the larva is slightly different than that of its adult ; in the 
larva they are disposed on the sides of the median cleft ot the labrum. 

Clypeus 

Unlike that of its larva, the clypeus (fig. 1) in the adult Myrmeleon is a pro- 
minent structure with two distinct portions, a thin and flexible antcclypeus and 
a highly sclerotised postclypeus. The postclypeus bears a pair of cibarial muscles 
(fig. 4 ; 4j. They are in tour to six bundles, have a comtnon origin and are 
inserted on the epipharyngeal wall of the cibarium (tig, 8 ; 4), Almost equal 
number of cibarial muscle bundles are present in the larva of Myrmeleon, 

Mandibles 

Each mandible (fig. 5) is well developed and highly sclerotised. It is broad 
at the base aud tapers anteriorly ; it ends in a pointed tooth. A few smaller 
teeth are also present on the inner side of the mandible. Each mandible possesses 
two well developed apodemes arising from its dorsal and outer angles. 

Musculature , — The lateral mandibular extensor muscle (fig. 5 ; 5) originates 
from the latcroventral region of gena and is inserted on the outer apodeme. The 
mandibular llcxor muscle {tig, 5 ; 6) originates from the vertex and gcnal regions 
of the head, its fibres arc roughly arranged m three large groups. The muscle 
is inserted on the inner apodeme. J he mandibles ot the adult and larva are 
similar except in iheir outer appearance. The mandibular muscles of the lai va 
are comparatively large and poweilul. The contraction of these muscles in the 
larva help the mandibles in piercing the body of the prey while ui the adult they 
are used for grinding and chewing. 
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Maiiiia 

The maxilla (fig. 6) is o{ the generalised type and is composed*bi a cardb 
and a stipes. The cardo is divided into a vera-cardo and a joxta cardo (Cramp- 
ton, 1916). The stipes is made up of two lobes, an inner and outer. Laterally 
the stipes bears a five jointed palpus and mesally the galea and lacinia. 

Musculature,-~-Tht promotor muscle (fig. 6 ; 7) of cardo (cardo-cranial muscle 
of Kramer, 1955) is fan shaped and is inserted on the apodeme of the vera-cardo. 
The adductor of the stipes (fig. 6 ; 9) also originates from the anterior tentorial 
arm and is inserted near the middle region of the stipes. There are two stipito- 
tentorial muscles ; the" upper one is the cephalic stipitotentorial (fig, 6 ; 10) and 
the lower one is the caudal-stipitotentorial (fig. 6 ; 11). The stipitotentorial 
muscles originate from the anterior tentorial arm and are inserted on the basal 
region of the stipes. The stipito-lacinal muscle (fig. 6 ; 12) is the thickest muscle 
of maxilla. It orignales from the upper one third region of the stipes and is 
inserted on the basal region of the lacinia. The cranial flexor (fig. 6 ; 13) is long 
and thin. It originates from the region of the occiput and is inserted on a small 
apodeme present on the dorsal wall of the lacinia. The galeo-stipital muscle 
(fig. 6; 14) originates slightly above from the base of stipes and is inserted mesally 
on the base of galea. In the first palpal segment two bundles of short muscles 
(fig, 15, 16) are present : the inner one (15) is attached on the basal margin of the 
second palpal segment while outer one (16) is attached on the lateral margin of 
the same segment. Palpal muscles present in the last four segments (17 to 20) 
are unpaired. According to Maki (1936) palpal muscles of each segment is made 
up of two bundles, one levator and the other extensor. 

In the larva of Myrmeleon, the musculature of maxilla presents a much lower 
grade of organisation. There are only four extrinsic and two intrinsic muscles. 
In the adult maxilla, on the other hand, six extrinsic and eight intrinsic muscles 
are present. 

Labium and Hypopharynx 

In the adult, unlike that of its larva, the hypopharynx remains coalesced 
with the surface of the labium (fig. 8). The proximal region of the prementum 
is sclerotised to form a distinct plate (fig. 2). Just below the latter two lateral 
sclerotised patches are present which have been termed as anterior sclerite by 
Snodgrass (1935), A large ligula hangs down from the prementum. The labial 
palpi are long ; each palpus possesses four distinct segments, ihe post-mentum 
appears as a large plate ; its distal part is membranous. 

Musculature , — A pair of proximal median ventral muscles (retractor muscles, 
fig. 7; 21) originates from the postmentum ; are inserted medially on the pro* 
ximal sclerotised plate of the prementum. The dorsal and ventral tentorial 
adductors (fig. 7 ; 22, 23) originate from the tentorial bridge, near the posterior 
arm, and are inserted on the dorsal and ventral aspects of the anterior sclerite 
of the prementum respectively. Within the ligula two very thin muscles on each 
side (fig. 7 ; 24, 25) are present. They appear to be homologous to the flexors of 
glossa and paraglossa of an orthopteroid labium. The proximal segment of the 
labial palpus shows two bundles of muscles (fig. 7 ; 26, 27) while the rest three 
segments have only one bundle each (fig, 7 ; 28-30). 

The hypopharynx is associated with a pair of strong muscles, the hypopha- 
ryngeal retractor (fig. 8 ; 31). The latter originates from the posterior side of the 
tentorial bridge and is inserted on a sclerite present within the hypopharynx, 
A pair of small mubcles, muscles of salivos, fig. 8 ; 32) originates from the lateral 
labial wall and is inserted on the opening of the salivary duct. 

[ 305 3 



The labium in both, larva and adult, shows a similar pattern of muscular 
organisation except that in the labium of the adult the lateral longitudinal 
muscles are absent while in the larva muscles of the ligula are absent. 

Pliaryngeal Muscles 

Five bundles of muscles (fig. 8 ; 36 to 40) are inserted on the dorsal wall 
of the pharynx. All the dorsal pharyngeal muscles arise from the cranium, the 
first two (36, 37) from the frontoclypeal apotome, the third (38) from the region 
of the cranium, where the dorsal tentorial arm terminates, and fourth (39) and 
fifth (40) from vertex and the anterior part of the occiput. To the ventral wall 
of pharynx only four muscle bundles are attached. The first ventral pharyngeal 
muscle (41) arises from the posterior tentorial arm, the second and third (42, 43) 
from the lateral aspect of the gular region and the fourth (44) from the latero- 
ventral margin of the postocciput. The contraction of the pharyngeal muscles 
dilate the pharyngeal cavity and as such very often these muscles are designated 
as dilator muscles of pharynx. In the larva six dorsal pharyngeal muscles and 
three ventral muscles are present. 

Discassion 

Ferris (1942, 1944) and Cook (1944) consider that morphological structures 
are not modified in relation to the work performed. They l)elieve that work 
is adjusted to the morphological pattern origanised by genes. DuPorte (1920, 
1946, 1962) and Snodgrass (1947), however, consider that acquisition of morpho- 
logy is patri passu with the functions performed by them. 

The plan of musculature of the mandibles of larva and adult Mjyrmeleon is 
almost identical. Their modus operaudi is also similar but the end results in 
both the cases are different. In the larva the mandibles get pierced into the 
body of the prey while in the adult no such action is brought about. For 
accomplishing an effective piercing function it is but natural to expect that the 
shape of the mandible and the bulk of the mandibular muscles will be modified. 
Toe observations in the larva (Srivastava, 1964) point out to this fact. 

The ventral adductor muscle of the mandible which normally arises from 
the anterior tentorial arm in some Orthoptera, Odonata, Ephemeroptera and 
Ckaulides in Neuroptera (Maki, 1930) is not present both in the larva and adult 
Myrmeleon, According to Snodgrass (1935) this has given a higher organisational 
siatus to the mandible of the adult and larva of Myrmeleon. The problem, 
however, remains that in what way the absence of variation is correlated with 
the functions of the mandibles of larva and adult Myrmeleon, 

Four important maxillary muscles (8, 9, 10, 11) of the adult Myrmeleon 
originate from the anterior tentorial arm— a condition identical with that found 
in many insects e.g. Stenopsocus (*Badormel, Ephiophlebta (Ashina, 1954), 

Gryllobatta (Walker, 1931) etc. The re^t of the maxillary muscles originate from 
the set regions as expected in a generalised plan of insect organisation. However, 
in the maxilla of the larva ot Myrmeleon the stipital tentorial muscle, instead 
of arising ftom the anterior tentorial arm, like that of its counterpart in the 
adult, originate from the tentorial bridge. The long maxillary blade of the larva 
also differs m having only one segment with dorsal and ventral muscles attached 
to it. The only faesable interpretation of the aforesaid modification appears 
to be a means to achive perfection in a direction which is unique to the larva. 
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The muscle of the labium in the larva are poorly developed while in the 
adult there is a normal growth of all the existing labial muscles. The state of 
affairs in the two (larva and adult) is closely related to the functions they per- 
form. In the larva of Mymeleon the labium is rendered almost functionless except 
to act as a tight lip which need not be opened frequently. It is very doubtful 
whether the Mymeleon larva opens its mouth at ail, Consequently the restricted 
function of the labium has brought a direct effect on the apical portion, the 
ligula, of the labium. The latter forms a sort of a tongue (Ross, 1956} in these 
insects where the labium functions normally. Since the larva of Myrmeleon adopts 
to a piercing and sucking type of function and the labium is practically non- 
functional, therefore, there is no utility of ligula and as such it is absent. How- 
ever, it is interesting to mention that as soon as the adult condition is reached, 
which incorporates the chewing type of mechanism the ligula appears as usual 
and performs its set function. It is, therefore, inferred that the acquisition and 
retention of characters is mainly dependent on the functions performed by them. 

Sumiuary 

1. 'fhe musculature of the head capsule and mouth parts of Myrmeleon has 
been described. A comparison of the muscles of the head of the Myrmeleon larva 
with those of its adult has been made. 

2. The structure-function relationship, with particular reference to the 
cephalic muscles of the larva and adult Myrmeleon^ has been discussed. 
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Introduction 

The early knowledge of the Saprolegniaceous fungi was, in modern sense^ 
incomplete and inaccurate. In these earlier accounts of the water molds confus- 
ion also persisted with respect to the very nature of these organism. Much of 
the work from a taxonomic point of view has been done mostly from foreign 
countries specially in America and Europe. The first comprehensive report on 
the aquatic fungi (Saprolegniaceae) was made from America by Coker in 1923. 
This was followed by the isolated papers of Gejp (1932, 1934), Lund (1934), 
Ivemey-Gook and Morgan (1934), Forbes (1935a, 1935^), Coker and Matthews 
(1937), Johnson (1956), Sparrow (1960) and Scott (1961). On the other hand few 
reports from India exist and mention may be made of Butler (1907, 1911), Chau- 
dhuri and Kochhar (1935), Ghaudhuri and Lotus (1936), Saksena and Bhargava 
(1944), Bhargava (1945), Das Gupta and John (1953), John (1955), Dayal (1958) and 
Srivastava and Bhargava (1963). 

The following section of our paper is largely concerned with the details of 
the methods of isolation, procedure and their identification. Those species which 
have been collected for the first time from India have been described in detail 
while others have been only mentioned. 

Methods and Material 

Technique for collection , — ^As the water molds reproduce freely by means of zo- 
ospores, samples of water in sterilised sample bottles were collected from different 
localities and sources such as streams, pools, ponds, lakes and ditches, etc., 
preferably from such sources where no water current exists. Technique for soil 
sample collection and their subsequent treatment was followed as described by 
Butler (1911) and Harvey (1925). The samples were immediately brought to the 
laboratory and a portion of each sample, sufficient to cover the bottom, was 
transferred to a sterile deep Petri-dish. After this it was baited with halves of 
boiled hemp seed, small pieces of boiled snake-skin, boiled maize seed, ants, 
house fly, wheat seed and small fragments of boiled grass blades. Samples were 
examined after 36-48 hours following “baiting"’. Each piece of bait was observed 
microscopically for hyphae and zoosporangial growth chsracteristic of each genus. 
Probable and positive isolates were transferred to fresh Petri-dish containing 
sterile distilled water and additional corresponding baits were added. Pure 
cultures were obtained according to the technique described by Couch (1939). 

All the glass-wares employed in the present study were of Pyrex and have 
standard dimensions as described by Emerson (1958). 
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Achlya oUgacantha 

Figs. 1 & 2. Habit of fruiting XI 00. 

Fig. 3. A typical sporangial cluster XIOO. 

Fig. 4. Typical oogonium with single egg. 

Fig. 5. Oogonium with androgynous antheridia. 

Fig. 6. Smooth walled oogonium with various ripe eggs* 

Fig. 7, Oogonium of odd shape with small papillae. 

Fig. 8 Two oogonia, one attached with a long stalk while other empty. 
iA curved s'falk and monoclinous antheridiiuri, 

fQf ^Normal oogonium with androgynoiis antheridia, 





Achlya prolifera 

Fig. 1, Different forms of so prangia XI 00. 

Fig. 2. Oogonium with antheridial tubes after the anthcridia have emptied 
Fig. 3. Oogonium with eccentric eggs. 

Fig, 4, Oogonium with diclinous anthcridium. 

Fig. 5. Oogonium with branched anthcridium. 

figs. 6— *8. Various shape of oogonia with varying number of eggs. 



Aphanomyces eladogamus 

T 1 encvstinff on the tip of sporangium. 

a, 9 & 3 OoKonium with and without anthcridia of androgynou nature 
?s’ 4 & 7*. Anthcridia of diclinous origin with an eccen+nc egg, s 
KS* 5 & 6 Oogonia with inner irregular thickened walls, 
g ' 8, Eccentric egg within smooth oogonial wall. 
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FiR. L 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Figs. 7 
Fig. 9. 
Fig. 10, 
Fig. 11. 


^xpaanomyces peter sonn 
Smooth walled oogonium. 

Oogonium with androgynous antheridium. 

Oogonium with diclinous antheridium. 

Oogonium receiving a long stalked antheridium. 

Oogomal stalk arising from a hyphal ‘knot’ swelling. 
Oogomum with both diclinous and androgynous antheridia. 
& «. Oogonia with different antheridia. 

Oogonium with blunt apical papilla, 

. Sessile oogonium elapsed by antheridium. 

. Oogonium with both androgynous and diclinous anthcridia. 


Experimental 

Twenty three of the aquatic fungi, primarily with the object of their prdper 
systematic study, have been isolated from the various ponds surrounding the 
University Campus of Varanasi. The fungi isolated were Saprolegnia delica^ 
S. diclina, 5. mixta, S. monilifera, S.ferax, S, Uioralis, S. parasitica ; Isoachlya toruloides, 
Lmonilifera; Achlya flagellata^ A. racemosa, Achlya A. oligacaniha^ A, colorata, 
A, imperfecta^ A. pr ol i fer aides ^ A. prolifera^ A, conspicua ; Dictyuchus sterile ; Aphanomyces 
laevis^ A. cladogamus, A. peters onii and Allomyces arbuscula. 

Description of the species 

Saprolegnia litoralis Coker, The Saprolegniaceae 54 p., 1923. 

Vegetative growth similar to S.ferax, more vigorous andirregular. Sporangia 
not plentiful, young ones almost cylindrical or more often irregular in diameter, 
usually curved, repeatedly proliferating. Gemmae very abundant, spherical, 
pyriform, clavate, etc., often in chains. Oogonia abundant as a rule approach- 
ing about 51-145*2 p in diameter ; the large number terminal on main hyphae, 
others on short lateral branches, usually spherical in shape, furnished with 
rather few, very conspicuous pits. Eggs centric, large and dark, 3-30, mostly 
4-7 in an oogonium, their diameter 20*4-30*6/^, most about 23*8-27*2/^ ; often 
elliptic from pressure. Antheridia on every oogonium (one to several), androgyn- 
ous on short branches which originate very near the oogonium, frequently, when 
the oogonium is on a short stalk, arising from immediately below it. (Plates 1-2, 
Figs. 1-13). 

Achlya oligacantha deBary. Bot. Zeit. 46 : 647, 1888. 

Main threads slender and delicate. Oogonia on short or long branches 
of hyphae which are furnished with sporangia or in part terminal on slender 
main threads and their racemose branches, spherical in shape varying from 
34-88*4/^ in length and 27*2-81*6/^ in breadth ; surface always with relatively 
large, smooth, papillae, measuring about 3’4-10‘2/^ in length, separated from 
each other and which vary greatly in number (one to seven, very seldom none) ; 
also variable in size and form (short points to large, blunt projections) ; walls 
of oogonia relatively thin, colourless, without pits except that the projections are 
mostly thinner than the walls between them. Eggs centric, mostly 3-5 in an 
oogonium (seldom up to 9 or more), round, relatively small 17-34/^ in diameter. 
Antheridia always present, mostly several on each oogonium, relatively small ; 
borne one or two in a row, some are mostly partly androgynous while others 
partly diclinous in origin. (Plate 3, Figs. 1-10). 

Achlya prolifer otdes Coker. The Saprolegniaceae 115 p., 1923. 

Growth moderately dense and strong. Hyphae moderately branched, 
variable in size, usually wavy and irregular. Sporangia subcylindrical, usually 
bent, often provided with several openings, long or short as a rule. Oogonia 
abundant, spherical, smooth, 40*8-51*0/^ in diameter, racemosely brone on stalks 
that are about 1 to If times as long as the diameter of the oogonia ; walls 
hyaline, not thick, pits numerous (usually) but not very conspicuous. Eggs 
eccentric with a large oil drop, usually elliptic, about 204/^ in diameter. 
Antheridial branches numerous, diclinous or androgynous, usually long, contorted 
and much branched. Antheridia one or several, on every oogonium, elongated 
applying their sides to the oogonium or touching it by serveral blunt, foot-like 
processes. (Plate 4, Figs. 1-7). 
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AchiycL pTolif^fci (Nees) deBary. Bot. Zeit. 10 i 473, i8ji« ^ 

Main threads, stout, usually ending with primary sporangia. Oogonia 
racemosely arranged on short side branches of the main hyphac, as a rule 
terminal, round, the walls with numerous, very sharply defined and obvious 
pits. Eggs variable in number from 3—7, eccentric, 13*4—27*2/^ in^ diameter. 
Antheridial branches mostly diclinous, much twisted and branched, winding like 
a parasite about the oogonia. The oogonial walls thickly enwrapped jmd often 
completely covered by these branches which bear numerous anthcridia, which 
send their sides against the oogonium and send out fertilizing tubes. (Plate 5, 
Figs. 1-8). 

Aphanomyces cladogamus Drechsler. J. Agric. Res. 38 : 335, 1929. 

Hyphae 3*4-6-8/^ in diameter, delicate, hyaline. Zoosporangia very large, 
often extensive involving the conversion of large segments of vegetative hyphae, 
not tapering towards the apex, zoosproes encysting at the orifice upon emergence. 
Oogonia terminal on short lateral branches of variable length, subspherical to 
glubose 40*8/^ in diameter, mostly averaging Walls irregulary thickened 

with a smooth outer surface. Oospore single, . hyaline, l3-6-23*8/^ in diameter, 
thick walled, contents granular and with a small conspicuous refractive body in 
the centre. Antheridia 2-3 consisting of an inflated portion of variable length. 
Antheridial stalk long diclinous or monoclinous in origin. Germination of the 
oospore could not be seen. (Plate 6, Figs. 1-8). 

Aphanomyccs petersonii Scott. The Virginia Journal of Science 7 : 171, 1956. 

Hyphae up to 7*2/^ in diameter, intramatrial, sparingly branched, ramifying 
throughout the body cavity of the host, zoopsporangia long, filamentous, unbran- 
ched, of the same diameter as the vegetative hyphae, isodiametric, penetrating 
the host wall and extending at right angles into the surrounding medium, 
zoospores rod shaped, few in number encysting at the orifice, discharge schistose, 
secondary zoospore reniform. Oogonia terminal on short lateral branches, 
spherical, 23*8-37*4/^ in diameter, smooth walled ; oospore 20*4-30*()/^ in diameter, 
hyaline, content granular with a single large oil glo )uk. Anthcridia single, 
swollen clavate ; antheridial stalk simple, unbranched, diclinous in origin. 
Oospore germination not observed. (Plate 7, Figs. 1-1 1). 

Summary 

Twenty three different species belonging to different orders of Pliycomycetcs 
have been isolated and described from Varanasi. An attempt was made to 
examine as precisely as possible the character of individual organisms. 

From the literature available it appears that the Saprolegnia litoralis ; Achlya 
oligacantka, A» proliferoides, A. prolifera ; Aphanomyce s cladogamus and A, petersonii are 
new records from India. 
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The injfluence of surface vegetation on the composition of soil microflora is 
well known, be it a forest cover (Ghauhan 1960, Saksena 1955, Sharma 1965, 
Shetye 1954, Tresner et al, 1954) or agricultural crop (Guillemat and Montegut 
1956, 1957 and 1958). This is partly due to the various edaphic factors and to 
the rhizosphere and rhizoplane effects of different species of higher plants. 

The Black Wattle (Acacia mollissirna Willd.) is a native of South Australia 
and Tasmania. It was introduced in South India (Loc : Prospect Estate near 
Waduvattam in Kodaikanal) along with Silver Wattle (Acacia dealbaUi link.) in 
1840 from South Africa.* The Forest Department of Madras State started wattle 
plantation around 1939. The present acreage of wattle plantations in Madras 
State is fairly extensive. 


The bark of black wattle is one of the richest vegetable tanning material 
known to the tanning industry.^ The amount of non-tannins is proportionately 
low which makes the bark superior to other tanning materials. The black wattle 
grows on a wide variety of soil but its growth is rapid on loose, deep, well 
drained soil. The optimal soil requirements are provided in sites havini? dark 
sandy loam or red loam on gentle slopes. ” 


The plant is susceptible and suffers heavy casualities specially among older 
plants (six years and above) from an obscure pathological condition known as 
^'hummosis or ‘‘Bleeding”. The disease is easily noticeable from free exudation 
of gum from boles of trees and black mottling of the bark. The bark of the 
affected tree gradually dries up and becomes brittle. Such affected trees ulti- 
mately die rendering the bark useless as tan-bark (Plates 1, 2 and 3). 


The present investigation deals with the comparison of soil micro fune'i and 
some soil conditions around the healthy and diseased plants of Acacia molltssirna 
For that random soil samples, collecced from the vicinity of diseased and healthy 

DiSisi^n^wTre^tudie^ plantation at Yercud (Salem South Forest 


Materials and Method 


<^“8na«d as -A”) 


*Cited from the Wealth of India, Vol. I, 19i8, p. 17. 
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The fungal flora of the samples was determined both quantitatively and 
qualitatively using dilution plate method of Waksman (1927). Three dilutions 
viz^<» 1 : 100, 1 : 1000 and 1 ; 10,000 and Martin’s Rose-Bengal Streptomycin (Allen 
1951) and Czapek’s ugar media were used. The inoculated plates were incubated 
at room temperature (28‘^-32°G) for about a week. Fungal colonies appearing on 
the plates were counted and transferred after purification on Gzapek’s agar. The 
isolates were identified and the identification was confirmed by reference to the 
Commonwealth Mycological Institute, Kew, England. The total population, 
frequency and abundance of fungi were determined. Soil factors were determined 
using standard methods. 

ResiiItB 

The species of fungi isolated from soils ‘‘A” and '‘B” together with their 
population, frequency and abundance are given in Table I. The result of the 
tests for various physical factors and chemical analysis is presented in Table II. 

TABLE I 


Distribution^ population^ frequency and abundance of species of fungi isolated from 
soil of healthy and diseased plants of Acacia moilissima 


s. 

No. 

Soil from the heathy plants Soil from the diseased plants 

Name oi species 

♦Popu- 
lation 1 

Fre- 

quency 

Abund- 

ance 

♦Popu- 

lation 

Fre- 

quency 

Abund- 

ance 

1. 

Rhizopus arrhizus Fischer 

0-250 

2-5 

0-213 

- 

- 

- 

2. 

Mucor hiemalis Wehmer 

1-250 

12-5 

1-066 

0-500 

5-0 

1-153 

3. 

Syncepkalastrum racemosum (Cohn) 
Schroeter 

6-500 

12-5 

5-544 

0-500 

5-0 

0 769 

4. 

Thielavia terricola (Gilman and 
Abbott) Emmons 

1-250 

10-0 

1-066 



- 

5. 

Chaetomium glohosum Kunze 

2-500 

2-5 

0-213 

0-750 

5-0 

1-153 

6. 

Neocosmospora vasinfecta E. F. 
Smith 

0-500 

5-0 

0-426 

— 

— 

— 

7. 

Sordaria fimicola (Rob.) Ges. and 
DeNot 


_ 



0*500 

5-0 

0-769 

8. 

Phoma sp. 

0-250 

2-5 

0-213 

0*500 

5-0 

0-769 

9. 

Pestalolia sp. 

0-500 

50 

0-426 

0*500 

5-0 

0-769 

10. 

Trichoderma lignorum (Tode) Harz 

0-750 

7-5 

0-637 

5-500 25-5 

8-461 

11. 

T. koningi Oudemans 

5-250 

32-5 

4-477 

1-750 

12 5 

2-692 

12. 

Aspergillus fumigatus Fres. (str. 1) 

1-000 

lO-O 

0-852 

0-250 

2-5 

0-384 

13. 

A. fumigatus Fres. (str. 2) 

0-250 

2-5 

0-213 


- 

— 

14. 

A, nidulans (Eidam) Winter 

0-250 

2-5 

0-213 

0-750 

7-5 

1-153 

15. 

An sydowi (Bainier and Sartory) 
Thom and Church 

0-750 

5-0 

0-637 

- 

- 

- 
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Soil from the healthy plants Soil from the diseased plants 


o. 

No. 

Name of species *Popu- 

Fre- 

AbuncL 

^Popu- 

Fre- 

Abund- 



lation quency 

ance 

lation 

qucncy ance 

16. 

A, jlavus Link (str. 1) 

()-500 

5-0 

0-426 

0-250 

2-5 

0-384 

17. 

A.flavus Link (tr. 2) 

- 



0-250 

2-5 

0-384 

18. 

A, terreus Thom 

1-000 

10-0 

0-852 




19. 

Ao usius (Bainier) Thom and 








Church 

1-000 

10-0 

0-852 




20. 

A» luchuensis Inui 

0-500 

5-0 

0-426 


- 


21. 

A. niger van Tiegham 

0-750 

7-5 

0-637 

0-750 

7-5 

1-153 

22. 

A, sulpkureus (Fres.) Thom and 








Church 

- 



0-250 

2-5 

0-384 

23. 

A. Candidas Link 

0-250 

2-5 

0-2)3 



- 

24. 

Penicillium citrinum Thom 

10-000 

40-0 

8-528 

1-000 

10-0 

1.538 

25. 

P. stekii Zateski 

7-000 

22-5 

5-970 

0-500 

5-0 

0-769 

26. 

?• egyptiacum van Beyma 

1-250 

12-5 

1-06G 

0-250 

2-5 

0-384 

27. 

P* lilacinum Thom 

2-750 

20-0 

2-345 

1-750 

15-0 

2-692 

28. 

F , janthinellum Biourge . 

4-250 

17-5 

3-624 

5-250 

17-5 

8-076 

29. 

P. simplicissimum (Oudemans) 








Thom 

6-500 

2-5 

1-066 

0-250 

2-5 

0-384 

30. 

P. nigricans Bainier 

4-000 

22-5 

3-41! 

0-500 

5-0 

0-769 

31. 

P. wortmanii Kloecker 

... 


— 

0-750 

5-0 

1-150 

32. 

P, faniculosum Thom 

0-500 

2-5 

0-426 




33. 

P. spiculisporum Lehman 

6-500 

12-5 

5-544 

0-250 

2-5 

0-384 

34. 

P. vermiculatum Doug. 

4-750 

12-5 

4-05 1 

0-250 

2-5 

0-384 

35. 

P. megasporum Orport and Fennell 

0-500 

2-5 

0-426 




36. 

Penicillium sp. 

— 

— 


0-750 

5-0 

1-153 

37. 

Gliocladium roseutn (Link) Thom 

— 

— 


0-500 

5-0 

0-769 

38. 

Gliocladium sp. 

— 

_ 


0-250 

2-5 

0-384 

39. 

Thielaviopsis sp. 

- 

— 


0-250 

2-5 

0-384 

40, 

Stachybotrys atra Gorda 

0-500 

5 0 

0-426 

0-250 

2-5 

0-384 

41. 

Humicola fasco-alra Traaen (str. 1) 

2-000 

15-0 

1-705 

1-500 

10-0 

2-307 

42. 

H. fusca atra Traaen (str. 2) 

8-000 

32-5 

6-823 

2-800 

12-5 

3-076 

43. 

Cladosporium sp . 

2-250 

20-0 

1-916 

1-500 

7-5 

2-307 

44. 

Curvularia verruculosa Tondon and 








Bilgrami 

1-250 

7-5 

1-066 

0-500 

5-0 

0-769 

45. 

Altetnaria tenuis Nees ex Pers. 

2-250 

150 

1-916 

0-750 

7-5 

1-153 

46. 

Fusarium oxysporum Schlecht 

15-250 

32-5 

O 

p 

14-750 47-5 

22-538 

47. 

P. solani (Mart.) App. and Wr. 

20-000 

55-0 

17-057 

18-250 40-0 

28-076 


Total 

124-750 



60-000 




•PopuLtlo. i„ 
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TABLE li 

Showing the vanous physical factors and chemical analysis of 
healthy and diseased plants of Acacia mollissima 

(% on dry-weight basis) 


soil of 


Estimations 

Soil from 
healthy plants 

Soil from 
diseased plants 

Total moisture 

22-610% 

17-996% 

Moisture content (in air dry soil) 

3-95% 

3-74% 

Loss on ignition 

16-165% 

11 -987% 

Insoluble residue 

57-335% 

58-978% 

pH 

6-80 

6-92 

Organic carbon 

1-184% 

1-077% 

Iron as 

9-326% 

11-328% 

Alumina (Al^Og) 

14-778% 

11-274% 

Calcium (CaO) 

0-2750% 

0-3635% 

Magnesium (MgO) 

0-06205% 

0-05799% 

Phosphorus 

0-1533% 

0-1453% 

Potassium (KaO) 

0-4868% 

0-4482% 


Discussion 

The data presented in Table I reveals that the fungal population in soil ‘A 
(124-750) is much higher than in soil ‘‘B’’ (60*000). The^ number of species 
isolated from soil “A” is also higher than the number of species isolated from soil 
being 39 and 36 respectively. Out of these, twenty-eight species are common 
to both the types of soil but 11 spccits viz-, Rhizopus art hi zus.Thielavia ter rtcola. 
J^eocosmospora vasinjecta, Aspergillus fumigatus, A. sjdowi, A. tmeus, A. ustus, A. 
lichuensis, A. candidus, Penicillium Juniculosum, P. megasporum wtxt exclusively present 
in soil “A” and 8 species ok., Sordariafimicola, Aspergillus jlavus, A. ^Iphureus, rem- 
cillium wortmanii, Penicillium sp., Giliocladium roseum, Gliocladium sp., Thtelaviopsis sp., 
were condned only to soil “B”. 

In all, a total of 47 species have been isolated from soil of both the types, 
including 3 members of Phycomycetes, 4 of Ascomycetes, one each of Sphaeropsi- 
dales and Melanconiales and 38 species of Moniliales. 

Fusarium oxysporum and F. solani are the two most abundant species in both 
the types of soils. However, their values for abundance are higher in “B’ than in 
“A” Similarly Trichodeima lignorum and Penicillium janthinellum had higher abund- 
ance' in “B” than in “A”. On the other hand Syncephalastrum racemosum, 
Trichoderma koningi, Penicillium citrinum, P. stekii, P. 

■Humicola fusco-atra (str. 2) had higher abundance in “A' than in B , thus showing 
reverse behaviour. 

The highest percentage frequency in soil “A” is shown Ly Fusarium solani 
followed by Penicillium citrinum, Trichoderma koningi, Humicola fusco^atr^ {six. 2) and 
Fusarium oxyspcrum. Fusarium oxysporum followed by F. solani and Trichoderma hg- 
noTum show the higher percentage of frequency in soil “B”. 

The physical and chemical characteristics of the soil such as soil moisture, 
organic carbon, nitrogen content, exchangeable calcium, pH values influence the 
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development of soil micro-fungi and higW y^ ues o these factor s favour tW 
growth (Waksman 1927, Jensen 1931, Warcup 1952, Saksena 1955, Chauhan 1960). 
A perusal of Table II will indicate a negligible difference in the soil factors of 
both the types of soil, which probably is responsible for similar type of fungal 
flora in both the soils. The well marked difference between the total population 
of fungi in two types of soils suggests that it is induenced by the roots of the 
healthy or the diseased plants more than by the cdaphic factors. 


Siimiiiary 

Soli micro-fungi and soil factors of the healthy plants (“A”) and diseased 
plants (“B”) of Acacia mollissima have been investigated. The data obtained 
showed marked difference in the total population of micro-fungi of the two soils 
though the fungal membership is almost the same. There is not much difference 
in the physical and chemical characteristics of the two soils. 
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Introduction 

Euphorbiaceae are well known for their variation in embryological features 
''Banerji, 1949 ; 1951 ; Gaesca, 1961 ; Johri and Kapil, 1953 ; Kajale, 1954 ; Kapil ; 
1960 ; 196i ; Landes, 1946 ; Mukherjee, 1957 ; 1961 ; Nair, 1962). This extensive 
work shows a range of embryological characters, particularly in the modeot 
embryo sac development ; it is monosporic, bisporic and tetrasporic with as many 
as six types of embryo sac development under the tetrasporic type. Likewise 
the embryo development follows three main types of Johansen (1950). These 
are the Scabiosa variation of the Piperad type ; the Ona.grad type with three 
variations, viz^, the Euphorbia variation, the Lotus variation and the Onagrad 
variation ; and the Linum variation of the Solanad type. The embryological 
feature of Euphorbia peltata Roxb. are described in this paper. 


Material and Methods 

The material was collected and fixed in F. A. A. by Prof. A, T. Kapuskar of 
College of Science, Nagpur, during a botanical excursion to Ootacamund. Usual 
methods were followed for embedding the material. Sections were cut o- 
microns in thickness. The seeds were boiled in wax kept in a hot 

about 6-8 hours. This facilitated the proper infiltration of the wax. They were 

stained with iron alum haematoxylin and destained in a saturated solution ol 
picric acid. Some sections were counter stained with fast green. 


Microsporogenesis and Male Gametophyte 


The hvDodermal archesporium arises at corners in the young anther and 
consists of two to three longitudinal rows of cells which extend over the entire 
fength of eTch anther lobl (Fig. 1). It cuts off the primary P.anetal ayer be|ow 

the^epidermis and the primary sporogenous layer on these th^miJd'ie 

oarietal layer by further divisions forms three layers (Fig. 3). Of ® 

faye? degenLaLs during the early stages of anther development (?;§: 4). The 
nler most“rver forms the tapetum which is of the secretory type (^igs. 3 4). 
The tapetal Llls become binucleate (Figs. 4, 5) and degenerate as the polUn 
maturity. Tiny cmceat shaped gt.m.les rtammg yellow wdt 

Lylin were ^“‘'eudotSe iim 'ctiuS sS 

most parietal layer develops into ‘*^e fabrous enoomeciu 

to those present on tapetum were also observed i ^^aclncnloidcs (Mukherjee, 

dehiscence is similar to hypencifotUa and E. dracan culoidcs IMuKn j , 

1957, 1961). 
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feXtLANATiON Ot FLAl’B 

Figures 1—34. Euphorbia peltafa. Fig. 3. T. S. anther lobe showing inuliicclkilar arches- 
porium X 1800. Fig. 2. T. S. anther lobe showing sporogenons cells and parietal cells X 1800. 
Fig. 3. T. S. anther lobe showing four layers of anther wall X IBCO. Fig. 4. The same showing 
degenerating middle layer and binucleatc tapetiini X 1800. I'ig, 5. Fart ol the binucleatc 
tapetum and uninucleate pollen grains, note the deposition of yellow ercscent shaped granules 
on the inner wall of the tapetum X 1800. Fig. 6. Fart of fibrous endotheehnn showing the 
deposition of granules and degenerating remains of tlic middle layer X 18(10, Figs. 7, 8. 2- 
nuclcate and S-celled pollen grains respectively X 1800.^ Fig. 9.^ L. S. ovule showing obturator 
entering the micropylc X 900. Fig. 10. Nncclhis showing nuilliecllular archesporiuni X 1800. 
Fig. 11. Megaspore mother cell and parietal cells X 1800. Fig. 12. Linear tetrad and forma- 
tion of primary and secondary parietal tissues X 1800. Fig. 13. Ihnbryo sac showing egg 
apparatus, 2 polar ncclei and 3 antipodals X 1800. Fig. 14. L. $, micropylar yart of the 
embryo sac showing egg and pollen tube X 1800 Figs. 15-26. Stages in development of 
embryo X 1800. Fig. 27. L. S. mature seed X 900. Fig. 28 Embryo sac showing Ircc nuc- 
lear endosperm X 1800. Fig. 29. Diagrammatic rcprcscntallou of embryo sac showing cellular 
endosperm, note the degenerating nuccllar beak and hypostasc X 700. Figs. 30-32 Stages in 
development of seed coat X 1800. Figs. 33, 34. Stages in development of pericarp X 1800. 

ABBREVIATIONS 

Co;— Cotyledons ; Dg Degenerating nuccllar beak ; hklosperm ; //>»— Hypostasc ; 
A— Inner integument ; Mem — Membrane; Oi!>— Obturator ; Ci— Outer integument; F/— Follcn 
tube ; i?o— Root cap ; T— Testa ; Vs — Vascular supply. 














The sporogenous cells divide mitotically and form the pollen mother cells. 
These undergo the usual reduction division and form tetrads of microspores which 
are arranged in a tetrahedral or isobilateral manner (Fig. 4). Cytokinesis is effect- 

ed by centripetal peripheral clevage furrows. 

The young pollen grains are filled with dense cytoplasm. Later a vacuole 
arises and the centrally placed nucleus is pushed towards the periphery Tk 5) 
where it divides to form a generative cell and a tube cell (Fig. 7) ; their separat- 
ing wall is ephemeral. The generative cell soon divides to form two male cells 
and the pollen grains are shed at the 3~celled stage (Fig. 8). The pollen grains 
are spheriodal and tricolpate with exine differentiated into sexine and nexine. 
The former is striated as seen in section (Figs. 7, 8). The nexine between the 
two colpi is thickened longitudinally to form two prominent ridges parallel to 
the polar axis which in transverse section presents a lenticular appearance (Fig. 8). 
The intine is a thin membrane 

Structure of Ovule 

The Euphorbiaceae are characterized by tricarpellary, trilocular, syncarp- 
ous, superior ovary. Each loculus has a pendulous ovule borne on an axile 
placenta. The ovules are anatropous, bitegminal and crassinucellar. The micro- 
pyle is formed by both the integuments. The nucellus is free from the inner 
integument up to the base and the nuceilar tip does not protrude beyond the 
endostome (Fig. 9) as in Ricinus communis (Singh, 1954), Putranjiva roxburghii, 
Trewia mudiflora (Banerji and Dutt, 1944) and Euphorbia dracunculoides (Mukheijee, 
1961)* 

The obturator arises as an outgrowth of the placenta and consists of loosely 
elongated, vacuolated finger-shaped cells. It enters the wide micropyle and 
reaches the tip of the nucellus (Fig. 9). 

Megasporogenesis and Female Gametopl&yte 

The hypodermal archesporium consists of two or three cells (Fig. 10). 
However, only one develops further forming a megaspore mother cell, after 
cutting a parietal cell (Fig. 11). The parietal cell as well as the nuceilar epidermis 
divide to form the primary and secondary parietal tissues respectively (Fig. 12). 
The megaspore mother cell divides and forms the linear tetrad of megaspores of 
which the lowermost enlarges and develops further while the rest degenerate 
(hig, 12). The degeneration of the other three megaspores starts from below 
upwards. The nucleus of the fuctioning megaspore enlarges and undergoes three 
more divisions to form an eight nucleate embryo sac of the Polygonum type 
(Maheshwari, 1950). The mature embryo sac is spindle shaped. The synergids 
are hooked and the pear shaped egg lies between them. The polar nuclei meet 
very near the egg. The antipodal ceils are arranged more or less in a linear 
manner (Fig. 13). 

Entry of the pollen tube is porogamous. The pollen tube during its entry 
into the embryo sac destroys one or both the synergids (Fig. 14). 

Eudosperm 

Soon after fertilization the primary endosperm nucleus divides repeatedly 
and forms a number of free nuclei. At the 2-celled stage of the embryo eight 
endosperm nuclei distributed in the cytoplasm are seen. After further free 
nuclear divisions it is seen that a number of them get aggregated at the chalazal 
end of the embryo sac (Fig. 28). Wall formation around the endosperm nuclei 
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commences when the embryo has attained the stage shown by figure 22. By 
centripetal growth a cellular endosperm is produced (Fig. 29). While a part of 
the endosperm is utilized by the developing embryo a major portion persists in 
the seed. Thus the seeds are endospermic, a feature characteristic of the Euphor- 
biaceae. The endosperm cells arc multinucleatc, and densely packed with starch 
grains. 

Embryo 

The fertilized egg enlarges and after a short period of rest divides transver- 
sely to form two unequal cells ra and (Fig. 15). Later, cell divides trans- 
versely into I and V (Fig. 16). Soon a transverse division in cb forms cells m and 
ci (Fig. 18). These four cells from upward are designated /, V , m and a. During 
further development cell ci divides transversely to form n and n' (Fig. 17), The 
first vertical wall is generally laid down in the tier I (Fig. 18), but occasionally 
it may be noticed in the tier V (Fig. 19). As a result of these two vertical 
divisions in I and four cells disposed in two tiers of two cells each are formed 
(Figs. 19, 20). 

By the time vertical divisions are completed in tiers I and/', cell m also 
divides longitudinally to form two juxtaposed cells (Fig. 20). At the same time 
cells n and n' divide transversely to form cells It, A, o mdp (Fig. 20). 

The destination of the various tiers are given below. The cells of the tier I 
give rise to the stem tip and the cotyledons. The cells of tlic tier form the part 
of the hypocotyledonary portion, while the other half of the hypocotyl is derived 
from cell m. The rest of the derivatives of cell m give rise to the root tip, while 
the root cap is organized by cell /z. The remaining cells fc, o and constitute 
the suspensor. This is shown in the following scheme : 


Zygote(^ 


.Stem tip and cotyledons. 


.Part of hyi)ocotyl. 

. “ .Part of hypocotyl and root tip. 

\ / h Root cap. 

\ ./ / 




.Suspensor. 


embryo in this species oi Euphorbia agrees with the 
Chenopodiad type of Johansen (1950) and conforms to the fame vadSuon 

later '^^rtical division forms two cells (Figs. 18, 19). These 

■! ® (first vartical wall) while cell b is triangular ip 
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stiape. The tier I at^ this stage consists of tour elements of li and four of ^ 
(Fig. 22). Next divisions in a and b are transverse forming the outer derma- 
togen and inner cells (Fig. 23). The inner cells by further transverse follow- 
ed by longitudinal divisions form the stem tip and cotyledons (Figs. 24, 25). 
As already stated the penultimate tier I' divides first by a vertical wail to 
form two cells (Fig. 19). These cells divide by two more vertical walls and 
form four circumaxial and four outer peripheral cells (Fig. 21). At times the 
second division in the tier V is transverse (Fig. 20). The four circumaxial cells 
derived from the tier I' by further divisions give rise to half of hypocotyl. The 
four outer peripheral cells form the dermatogen (Figs. 22, 24). 

Cell m divides vertically to form two cells (Figs. 20, 21). The next division 
is transverse (Figs. 21, 22) resulting in two tiers. The upper tier of m divides by 
two more vertical walls and forms four circumaxial and four outer cells. The 
four circumaxial cells join with the four circumaxial cells of the tier and com- 
plete the hypocotyledonary region (Figs. 23, 24). The outer cells merge with the 
dermatogen of I and I \ The lower tier of W 2 as a result of similar divisions, 
forms the four central cells which form the root tip and four outer cells which 
form dermatogen (Figs. 23, 24). 

Cell h forms the root cap. It also divides vertically. In the two cells thus 
formed there is another vertical division to form an outer cell and inner ceil 
(Fig. 25). The inner cell divides periclinally repeatedly to form the root cap 
while the outer cells form the dermatogen (Fig, 26). The remaining cells k, o and 
p form the biseriate suspensor. The table of recapitulation is given below : 

I— First cell generation. 

Proembryo of two cells disposed in two tiers. 
ca - pCQ + pvt 4- -i' phy 
cb ^ phy + icc 4“ ivc + £0 4-^ 

II---Second cell generation. 

Proembryo of four cells disposed in four tiers. 

I = pco 4- 
V = 4 phy 

771=;'^ phy 4“ 4“ 

in— Third cell generation. 

Proembryo of eight cells disposed in five tiers. 

I = pco pvt 
r = i phy 

tn = ^ phy 4- icc + tec 
n CO s 
n* =• s (in part) 

IV — Fourth cell generation. 

Proembryo of sixteen cells disposed in seven tiers. 

I = pco 4r 

i'= ^phy 
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m = 4 p/ij + 



s 


Mature Embryo 

The mature embryo is straight and dicotyledonous. It is surrounded bv 
the endosperm with more of this tissue along the lateral sides and three to four 

layers above the root cap (Fig. 27). There are eight to ten layers of this tissue 
above the tips of the cotyledons. In the mature embryo the three histoirenic 
layers are clearly demarcated. The root cap consists of fifteen to sixteen layers 
of cells. The periblem and plerome show nine to ten layers and eleven to twelve 
layers of cells respectively. The cells of the mature embryo arc densely packed 
with starch grains. In the hypocotyl and cotyledons coenocytic laticiferous 
elements are noticed. “ 


Hypostase 

post-fertilization certain changes take place in the dialazal part 
ot the nucellus. The cells of this region get regularly arranged, filled with dense 
cytoplasm and take a deep stain. They multiply and finally form a saucer-shaped 

members of Kuphorbiaccae 
196^^ Gopalknshnan, 1949 ; Kajalc, 1954 ; Muklierjee, 

1961 , Nair, 19p). The hypostase is separated from the endosperm by a thin 
membrane of the embryo sac (Fig. 27). The vascular supply* of tim ovuk 

^^(SSle^tsV 

Seed coat 

take part in the formation of seed coat as in other 

S c“l^ fpL mtegument usually consists of ilirec layers 

01 cells (rig. oOj, but IS multilayered at the rnicronvbir r<Mri*An unwy * ^ 

integument on the other hand consists of seven to cdgL^ayers of cdls fFii" 3 m 

1961), The r=i„i„g1aye„ of 

31 39f^VhJ^^ integument persist to form the testa fFias 30 

become thickened^as m enlarge and their tengcniial and radial walls 

layer (Mukl.erjyr, |% 1 ,. The middlr 

their tangential walls are thiVIcpn^H epidermal cells become dome-shaped and 
S uiai waifs are thickened making the seeds slightly warty (Fig. 32). 
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Pericarp 

The ovary wall at the embryo sac stage, consists of eight to nine layers 0^ 
cells (Fig- 33). The inner epidermal cells divide periclinally and become two 
layered Later, these get tangentially elongated and thick-walled. 

The inner hypodermal cells become radially elongated and thick-walled (Fig. 34). 
Two or three layers of cells next to this become strongly sclerosed (Fig 34) as in 
Euphorbia dracunculoides (Mukherjee, 1961). These are next followed along by 
two to three layers of thin walled parenchymatous cells. The outer epidermal 
cells to start with, are rectangular, soon their free ends become bluntly papillose 
(Fig. 34). 


Summary and Discussion 

The male archesporium is multicellular and hypodermal as seen in Euphorbia 
hypericijolia and E. dracunculoides (Mukherjee, 1957, 1961). The anther wall is 
four layered. The layer below the epidermis develops into the fibrous endothe- 
cium. The tapctum, in conformity with most of the Euphorbiaceae, is of the 
secretory type. In Acalypha indica (Johri and Kapil, 1953), however, it has been 
reported to form a periplasmodium. The dehiscence ol anther is by longtitudinal 
slit as seen in Euphorbia microphylla (Jain, 1956), E. hypericijolia, E. dracunculoides 
(Mukherjee, 1957, 1961) and species of Phyllanthus (Mukherjee and Padhye, 1964). 
Pollen grains are 3-celled at anthesis. They are tricolpate and the exine is 
differentiated into sexine and nexine as -in Euphorbia dracunculoides (Mukherjee, 


1961). 

The ovules are anatropous, crass in u cellar and bitegminal as in several other 
members of the family. In Breynia patens (Thathachar, 1963) they are orthotropous. 
The nuccllus does not come out of the micropyle as in Euphorbia dracunculoides 
(Mukherjee, 1961), Rinnus communis (Singh, 1954), Trewia nudijlora, Putranjioa 
roxburehit (Banerji o.ad Dutt, mA), Acalypha fallax (Banerji, 1949) ^nd A brachys- 
(Kapil, I960) etc. The obturator here consists ol thin walled elongated 

cells and is of loose type. 

The female archesporium is multicellular. The development of female 
gametophyte is of Polygonum type. The genus Euphorbia shows as many as four 
tvoes of embryo sac development. Majority of the species conform to Polygonum 
type. Euphorbia mauritanica (Ventura, 1933), E. amygdaloides, E.charaaas and E. 
lagascae (D’ Amato, 1939) conform to bisporic type. Sharrna (1935) has reported 

Adoxa type of embryo sac development in £up/ijr6ia but his observa- 
tions have been doubted by Kapil (1961). The only species of which 

conforms to Fritillaria type of development is Euphorbia dulcis (Gaesca, 1961, Kapil, 


1961). 

Fertilization is porogamous. The primary endosperm nucleus is triploid 
in this species It is 5-ploid in Acalypha australis, A. btachystachya and A. tricolour ; 
“ i lO-ploW iu A. i.diL and A .J.uL ; and 8 o, 9-ploid m d. a.liala («., Kap.l, 

I960). The endosperm is free nuclear m the begining but eventually becomes 

cellular. 

Most genera of Euphorbiaceae show the presence of hy postage. In the 
species of Euphorbia it develops during post fertilization stages {see, Kajale, 1954 , 
Mukherjee, 1957). ^ . 

The embryo development follows three mam types. ^ j 

of the Piperad type is seen in Euphorbia rothiana (bhrivastava, 1952). The Onagrad 
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type shows three variation. The Lotus variation Is met wltli in Acalypha tanceoiaia 
(Thathachar, 1952), A. indica (Johri and Kapil, 1953) and A. ciliata (Mukhcrjce, 
1964). The Euphorbia variation is seen to occur in number of plants viz., Euphor^ 
fiifl Air/a (Kajale, 1954), K /yySmVt/o/ia (Mukherjce, 1957), Acalypha braclmtachya 
(Kapil, 1960) etc. The Onagrad variation is met with only in Acalypha malabariea 
(Mukherjee, 1964). The Linum variation of the Solanad type is reported in the 
species of Phyllanthus (Mukherjee and Padhye, 1964). 

A new type of embryo development for the family is added with the investi- 
gation of this species where it conforms to the Ghenopodiad variation of the same 
type. 

The seed coat develops from both the integuments. The histology and 
structure of pericarp is very much similar to that of Euphorbia dracuncaloides 
(Mukherjee, 1961). 
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Introduction 

The desert locusts have long been known to be omnivorous feeders ori 
almost all types of vegetation. Under certain conditions, they eat such sub- 
stances as sheep wool and even practise cannibalism. Bat ncem trees are the onlv 

hk^anS ‘'-I that p„r.sian 

hl^c znd Melta azodirachta were absolutely avoided. In India, Roonwal (1938) 

observed that ak {Calatropis procera) and neem (Azadirachta indica) leaves^ were 

absolutely refused by locusts even upto death. Ihe rcpulsivencss of twern and ak 

is confirmed by Hussain fi/ a/. (1949) and Roonwal (19.S3). LalflOlI) however 

Slated that adal. Leasts i„ swa,™. oace settled on Lme' ‘til oJlL ht’ 

Kanpur city and the locusts iiimbled at the neem leaves, though the entiic leaves 
were not eaten. Even during recent invasion by locusts at Lidian Agricultural 
Research Institute, New Delhi, farm, no neem trees were /bund to be •ufirlnvl l>v 
locust swarm (Sinha, 1962). Pradhan et al. (1962) observed 
with neem kernel suspension were left alone by locu.sts wiiich. however Imd a 
bite at plants sprayed with refined ncem products. Untreated plants were nriccL 
cally denuded by the locusts. These authors while using dilFcrctu tU 
Imsl "e‘=°'^ded the efficacy of some of these products as locust h-pcllent 

prop.'"=il;°dH7eS'?,rsLr rf 

mg degree ol rcpeliency of the dilll-rent fractioi.e. ’ dm, aLolX«“aol^Yt"e ok"- 

fmac“nr"irLTtoed c'irwklXloohol^ 

alcohtd eat,acti,ee.„m obtained wt t'rillSr 

Neem seed cake, as obtained from Hartcourt Butler Technological Insiitu.r 

Kanpur, was extracted with water, petroleum ether nnrm-ri h * 

rnlrl / 1 ^ ^ tuci, iioi iTial iioxauc, alcohol uudt‘t’ 

coia conaition (lo u), at room temperature .twi mi ? uuull 

.oahle.. The ea.rac'ueca .h„, ob.lined w^'o n.seS m.^pel’ta. 

Experimental Findings and Discussion 

The weight of residual cake and extractives arc given below : 


1 . 

2 . 

3. 


Alcohol extract (25-30“C) 
after extraction with P, E. 7-5 

Alcohol extract in cold 
room (16°C) 3.5 

Hot algohol ejftract (after 1 ) 4-5 


Wt. ol extract % Natuic of extract hulp 


Dark brownish viscous 
liquid with siiong odour 

c'o 

do 


uur 


Mi 2 

1\36 

(Hi27 



The neem seed cake was first extracted with petroleum ether and subse- 
quently extracted with alcohol at room temperature (25-30^G), The residual 
cake after processing as above still contained some bitter and odoriferous 
substances as observed by taste on tongue. It was further extracted with hot 
alcohol under soxhlet and was found to contain 4*5% of alcohol soluble 
iiiatcrial. 

Another portion of the cake after extraction with petroleum ether was 
subjected to cold alcohol extraction (Ib^^G) to study the effect of lower tempera- 
ture on repellent properties of the extract. Thus, the following extracts were 
taken for their repellent studies. 

1. Alcohol extract as obtained at room temperature. 

2. Gold alcohol extract (16°C). 

3. Hot alcohol extract (after 1). 

The alcohol extract (at room temperature), the cold alcohol extract (Ifi'^C) 
and hot alcohol extract were prepared as emulsions using Triton x 100 as emulsi- 
lier (0*5) percent. The leaves of the maize were cut into 2'^X 1" size and different 
concentrations of •'the above samples were applied on both sides of the leaves. 
The treated leaves were introduced in tubes marked with the same concentrations. 
The locusts were allowed to starve for 24 hours and observations recorded. The 
feeding percentage is given in the following tables 

TABLE I 


lUpdUncy test of alcohol extract as obtained at room temperature {After P. E. exlraclion) 



Percentage feeding of treated leaves 



%Avtr ge 
Fec< ing 

y Concen- 


replications 



t ration 

"" """ 





10 

1 

2 3 4 

5 

6 7 

8 

9 

0 50 0 00 

0 00 0 00 00-0 

0-00 

0-00 0-00 

000 

000 

9-30 0-93 

0*('0 

0 00 0-00 12 60 

0 00 

6-00 8-60 

0 00 

0-00 

0 00 2-75 

U 10 95-00 

SO- CO 1 6- no 0-00 

56 00 

30 60 80 00 

61 60 

94-00 

93-30 60 71 

0 05 70’ 0) 

100 00 93-?0 86-60 

83 30 

80 60 21-30 

69-50 

60 00 

73-80 73-78 

Coimxd 100 00 

100 00 100-00 100-00 

lOO-fO 

100-00 100-t 0 

100 00 

100-00 

100-00 100 00 



TABLE II 





Repellency test with cold alcohol extract (fd^u) 



%Cr n cen- 

Percentage 

feeding of treated leaves 


Average 

Feeding 

tra lion 

1 2 

3 

4 

5 



O' 30 

0-00 0-00 

0‘00 

0-00 

0-00 


0-00 

0 23 

0-00 0-00 

0-00 

10-00 

7-50 


3-5) 

0 10 

ao-00 70-00 

0-00 

50-00 

40-00 


48-00 

0 Of) 

onoo 80 00 

100-00 

85-00 

70-00 


86-00 

G{)nirol 

100-00 100-00 

100-00 

100-00 

100-00 


100-00 
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TABLE HI 


Repeltencf test with hot alcohol extract (After alcohol extraction at room temper a(ure). 
The preliminary test showed this to be less ejjfeclwe ana so i 
concentration of the samples were prepared 


%Concen- 


Percentage 1 

feeding of 

treated k 

:aves 

% Average 
Feeding 

tration 

1 

2 

3 

4 

;) 



2-00 

O'OO 

0-00 

0-00 

0-00 

0-00 

0-00 

1*75 

O'OO 

0-00 

0-00 

0-00 

0-00 

0-00 

1-50 

33-30 

41-30 

25-00 

41-60 

25-00 

33-30 

1*25 

68-30 

6G-60 

61-60 

50-00 

70-00 

63-30 

1*00 

83-30 

70-00 

66-60 

68-60 

73-30 

72-30 

Control 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 


Discussion 

The alcohol extract as obtained at room temperature is quite potent 
and effective at 05% concentration and percentage feeding by locusts was 
practically nil at 0'5% and 0 25% concentrations while at O'l and O'O") concen- 
tration the average feeding was ()0’71'J4> and 7d‘7iJ'’/) respectively as against 10()‘J/[, 
feeding in the control. Tl'Iic percetitage feeding with cold alcohol extract was 
practically nil at 0'5 % and 0’25% concentration. The average feeding at OT"/, 
and 0-05% concentration were 48 0’/, and «G-0% respectively as against 100% in 
control. Hence, this fraction is as effective as alcohol extriict at room temperature 
as a repellent against locusts. Thus, extraction at lower temperature with 
comparatively low yield (3-5%) did not offer any particular advantage over 
extraction at room temperature. The hot alcohol extract (after extraction at 
room temperature) was effective at much higher concentration as compared to 
first two extracts. It was effective at 2'0% and 1-75% concentrations where the 
feeding was nil. The average feeding at 1-5%, 1-25% and 1-0% concentrations 
of the material was 33'3%, 63'3% and 72'3% respectively as against 101)% feeding 
in the control. This .suggests that biologically active material left after percola- 
tion with alcohol at the room temperature gets inactivated at higher temperature 
during hot aclonol extraction. It also indicates that most of the active substances 
of neem seed cake get extracted with alcohol at room temperature. 

Sulphur content oi hot alcohol extract was 0-72% (Sinha, ]9()3) and sulphur 
content of alcohol extract at room temperature was 1-32%, This might be due 
to removal of fatty matter (about hd'/,) which did not contain any .sulphur. 
Subsequently, sulphur content of alcohol e.xtract (room temperature) which was 
devoid of fatty matter has considerably increased on percentage basis. Titus, by 
first treating the cake with pstrolcum ether and subsequenily extracting it with 
alcohol, a material was obtained which contained l’32‘;o sulphur tnid was biolo- 
gically active. The higher repeUoncy of this fraction was attributed to Jtigher 
percentage of sulphur containing compounds. Hence, in an attempt to get 
sulphur bearing material in more concentrated form cold alcoliol extiJicl (IG Cl) 
was prepared. It was 3‘5% in yield and contained 1'3G% sulphur. I'lus leads to 
the conclusion that percolation at lower temperature ditl not siguiiicttatly 
improve concentration of sulphur in the extract. 


t.' 


1 



^ieidi tests during locusts mvasiou 

When the laboratory studies were under way, a locust invasion took place 
in the first week of August, 1962, which provided an opportunity for testing the 
above observations on field scale. ^ 

10% of emulsifier concentrate of alcohol extract was prepared. This was 
diluted with water at 1*0% level and emulsion applied to field crops, such as, 
maize, and ornamentals (roses and bougainvillea), This formulation 

acted as positive repellent against locusts in the treated areas and gave protective 
coverage and protection to the crops against the destructions caused by locusts 
invasion as compared to the untreated crops in the same area. No phytotoxicity 
was observed on any of the treated crops and ornamentals. 

Summary 

The desert locusts have long been known to be omnivorous feeders on almost 
all types of vegetafc-ion. But neem trees are the only plants that are not attacked 
by locusts. Neem leaves are used by some people as a pot herb and an insect 
repellent ; they are commonly kept in woolen clothes and books to protect them 
against insect attack. 

Volkonsky (1939) noted that Pursian lilac and Mella azadirachta were abso- 
lutely avoided by locusts. In India, Roonwal (1939) observed that ak {Calotropis 
procera) and neem {Azadirachta tndica) leaves were absolutely refused by locusts 
even upto death. 

The present communication is in continuity of the previous work carried out 
by Sinha and Gulati (1963) and refers to the activity of different fractions of 
neem seed cake. Some of the fractions of the neem seed cake have been found to 
be good locusts repellent. 

'1 he neem seed cake was extracted with water, petroleum ether, normal 
hexane, alcoliol under cold condition (16®G), at room temperature (25’^-30°G) and 
with hot alcohol under soxhlec. The extractives thus obtained were used as 
locust repellent. 

The alcohol extract as obtained at room temperature have been found to be 
quite potent at 0'25yo concentration and locust teeeding was practically nil at 
0*5% and 0*25% concentrations, as against 100% feeding in the control. The 
cold alcohol extract was also found to be equally effective against locusts. The 
hot alcohol extract was effective at much higher concentration as compared to 
the first two extracts. 1 his suggests that biologically active material left after 
percolation with alcohol at room temperature gets inactivated at higher tempera- 
ture during hot alcohol extraction. It also suggests that most of the active 
substances of neem seed cake get extracted with alcohol at room temperature. 

Thus, by first treating the cake with petroleum ether and subsequently 
extracting it with alcohol a material was obtained which contained T32% sulphur 
and was biologically active. The higher repellency of these fractions was attri- 
buted to higher percentage of sulphur containing compounds. In an attempt to 
get sulphur bearing material in a more concentrated form, cold alcohol extract 
(16'"C) was prepared. It was 3*5% in yield and contained 1*36% sulphur. Thus 
percolation at lower temperature did not significantly improve concentration of 
sulphur bearing compounds in the extract. 
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RHIZOSPHERE MYCOFLORA OF CLUSTERBEANS {CTAMOPSIS 
FSORALIOIDES DC.) IN RELATION TO ROOT EXUDATES 

By 

P. BAHADUR and S. SINHA 
Botany Department^ Agra College^ Agra^ India, 

[Received on 19th November, 1965] 

Introduction 

The role of soil microllora in the biological complex of soil is well known 
and is of still greater interest in the rhizosphere (Hiltner 1904), the region under 
the influence of roots. The roots exercise an influence on micro-organisms, which 
in turn affect the growth of the plant both in health and disease (Starkey 1929). 
The raicroflora around the roots play an important part especially in root diseases. 
Glusterbeans are subject to serious root-rot disease caused by Sclerolium rolfsii Sacc. 
The soil capable of causing a severe root-rot condition may be variously modified 
by rhizosphere mycoflora of clusterbeans at various stages of root development. 
The number and type of organisms in the root zone are influenced by several 
factors such as nature and age of the plant, soil iactors, treatment of soil, and 
nature of root exudates (Bhuvaneswari and Sulochana 1955 ; Lochhead, Katznel- 
son and Tirnonin 1948). Waksman (1924) has particularly emphasized the role 
of G/N ratio on the soil raicroflora. The root exudates are also known to have a 
profound influence on the rhizosphere fungi (Katznelson, Ruatt and Payne 1954 ; 
Sulochana, 1958 and Timonin 1941). Keeping this in view, the qualitative and 
quantitative changes in the rhizosphere mycoflora of clusterbeans was studied 
during kliarif^ 1961 in particular relation to G/N ratio of soil and the root 
exudates. 

Materials and Methods 

The analysis of mycoflora and C/N ratio of the intitial soil was compared 
with that of the rhizosphere of clusterbeans at intervals of thirty days until 
harvest. The experiments were arranged in four series, each series consisting of 
12 replicate pots. In the first series no sowing was done and the initial soil was 
left as such. In the second, third and fourth series, 3 seeds of clusterbeans. 
were sown in each 9^' pot and later thinned to one. The observations were made 
at the end of thirty days’ growth in the second series, sixty days’ growth in the 
third series and ninety days’ growth (harvest) in the fourth series. The root 
exudates were tested chromatographically for amino acids as these are known to 
influence sporulation. The effect of exudates on the percentage spore germina- 
tion of the fungi, isolated from the initial soil, was studied to explain the type of 
mycoflora found under the influence of roots of the growing crop. 

The fungi occurring in the initial soil and soil adhering to the roots were iso- 
lated following ‘dilution plate method’ (Waksman 1927) on Martin’s Rose Bengal 
medium (Allen 1951). Colony counts were made adopting standard methods and 
total fungal population permgm. of soil was calculated. The rhizoplane fungi 
were isolated following the method adopted by Agnihothrudu (1953). 


’^^Growing period from July to October. 
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Tte organic cari 3 on content was determined by Walklcy and Black's rapid 
titration method and total nitrogen estimated by I\.j€ldahl s mctliod (I ipcr 19o2)» 
Root exudates were obtained by the technique evolved by Buxton (1957). The 
germination percentage of spores of the fungi isolated from the initial soil was 
determined by ‘hanging drop method'. Amino acids of the root exudates were 
detected by ‘descending chromatography’ (Block, Durrurn and Zweig 1955). The 
root exudates were spotted on Whatman filter paper No. 1 along with known 
amino acids. Butanol — acetic acid — water (4 : 1 : 5) was used as solvent and 0*3% 
ninhydrin solution as developer. The Rf values of the spots of root exudates were 
calculated and compared with the Rf values of the spots of known amino acids. 

Results and Discussion 

The results, as shown in Table I and Fig. 1, indicate that the initial soil has 
the largest number of fungal species. There are 24 fungi in the initial soil, 15 in 
the rhizosphere of thirty days, 14 in the rhizosphere of sixty days and 16 in the 
rhizosphere at harvest. This is in agreement with the work of Agnihothrudu 
(1953), who observed that in leguminous plants fungal types in the rhizosphere in 
general continue to decrease up to the time of flowering followed by an increase. 
But looking at the total number of colonies, the fungal population is on tlte increase 
from 188 colonies per mgm. in initial soil to 365 in the rhizosphere at harvest. 
This is in conformity with the observations of previous workers (Lochhead, 
Katznelson and Timonin 1948 ; Lochhead 1959 and Starkey 1929). 

All the 24 fungi isolated from the initial soil do not continue to tjxlst in the 
rhizosphere. After thirty days the rhizosphere has only 15 fungi among which 12 
are the same as in the initial soil while 3 yi^., Aspergillus joporiims^ Penwillium sp. 
(i) and Fusarium semitectum are new colonizers. In the rhizosphere of sixty days, 
7 species viz., Trichoderma koningi, Aspergillus japonmis^ Cladosporitini sphacrospetmum^ 
Curvularia lunata, Fusarium semitectum and unidentified spp. {i and ii) are new addB 
tions to those of the initial soil while the rest are the same. The inycoflora in 
this rhizosphere as compared to the rhizosphere of thirty days and the initial soil 
shows an addition of 5 species viz., Trichoderma koningi^ Cladosporium spliaerospermum, 
Curvularia lunata and unidentified spp. (i and ii). The species of the initial soil, 
which were not found in the rhizosphere of thirty days are also absent mostly from 
the rhizosphere of sixty days. Sixteen species of fungi were isolated from the rhi- 
zosphere at harvest. Out of these Mucor liiernalis and Fusarium sp. (i) are new ai)pear- 
ances as compared to those of the initial soil and previous rljizospiiercs. Five 
species, viz., Trichoderma koningi, Clado sporium sphaerospernimn^ Curvularia lunata and 
unidentified spp. (i and ii) are the same as present in the sixty days' rhizosphere, 
Fusarium semitectum is common in ail the 3 rhizospheres, the remaining 8 species 
are those present in the initial soil also. Most of the fungi of the initial soil that 
had disappeared from the rhizospheres of thirty and sixty days continued to be 
absent from the rhizosphere at harvest. 

The population (total number of colonies) as calculated per mgm. of soil 
indicated a trend on the increase from the initial soil to the rhizosphere. The 
number of colonies in the initial soil is 188, while in the rhizosplierc it rose to 
223, 237 and 335 after 30, 60 and 90 days respectively. This shows that 
there is greater increase in population after flowering but not so much before 
flowering. As pointed out earlier, the population of the mycoflora is known to be 
affected by the root^ exudates. A study of this relationship is presented in 
1 able 11. Only amino acids have been considered as the factor in the root 
exudates in these experiments. Seven amino acids, Glycine, Glutamic acid, 
dl-Methionine, dlTryptophane, dl-Valine, l-Arginine and an unknown acid 



were detected in the root exudates. The changes in the population of fungi are 
likely to be associated with the percentage germination of these organisms. As 
indicated in the table the percentage germination of spores in root exudates 
decreases in the case of Choanephora cucurbitarum Aspergillus Candi- 

das (13'80-10’51), A. foetidus (17-60-3*46), A, restricius (14*84-10*01), Penicillium 
funiculosum (34*50-30-26), Allernaria tenuis (59*90-43*70), Fusarium orihoceras (5T20- 
29-01) and Fusarium oxysporum (82*60-81*91). On the other hand percentage 
germination increases in RhiZopus arrhizus (17-93-32*47), Aspergillus fumigatus (49*19- 
A, nidulans (17*40-39*16), A.sydowi (60*30-63*19), A.tamarii (28*21-29*50), 
A, versicolor (25 30-40*37), (1 1*60-45’45), P. lilacinum (27*50-71*27), 

P. sieckii (38*50-53*85), Phoma hibernica (5*43-9*94), Helminthosporium australieme 
(31*53-59*55) and H. rostraium (6*01-33*65). The observations further reveal that 
those species of fungi in which the germination percentage is increased in the 
root exudates are mostly present in the rhizosphere at harvest. These species 
are : Rhizopus arrhizus, Aspergillus fumigatus. A, sydowi, A, tamarii, Penicillium 
lilacinum and Helminthosporium australiense ; while those which show a reduced 
germination percentage are mostly absent from the rhizosphere Choanephora 
cucurbitarum, Aspergillus Candidas, Penicillium funiculosum, Allernaria tenuis, Fusarium 
orihoceras and Fusarium oxysporum. The pattern of root exudates is thus specific 
indicating a trend that those species of the initial mycoflora in which the germina- 
tion percentage of spores is increased are mostly present in the rhizosphere, 
while the others disappear. 

TABLE I 

A comparative study oj Mycoflora and Cj JV ratio of initial soil 
and the rhizospheres of cluslerbeans 


C/lSf ratio 


Initial soil 


Rhizosphere 
after 30 days 


Rihzosphere 
after 60 days 


Rihzospbere 
after 90 days 


4*890 


4*170 


8'429 


15*557 


No. of No. of No. of No. of g. 

colo.in colo.xn colo.m j^ne plane 


■1 mgm. 
of soil 


Mycoilora 


1. Rhizopus arrhizus Fischer 0*22 

2. Mucor hiemalis Wehmer 

3. Choanephora cacurbitarum 

(Berk, and Rav.) Thaxter 0-1 1 

4. Phoma hibernica Grimes, 

O’Conner and Cummins 0*11 

5 . Trichoderma honingi Oudcin 

6. Aspergillus Candidas Link 4*30 

7. A. foelidus 0*44 

8. A, fumigatus Ihcs, 0*44 

9. Saito “ 

10. A. nidulans (hidarn) Winter 0*11 

11. A. reslrietus Smith 0*44 




1-77 

— 

0-11 

- 

- 

- 

- 

0*88 

- 

- 

- 

- 

- 


_ 

... 

- 


— 

- 

0-66 

- 

1*10 

0*56 


- 

- 

- 

CO 

CD 

O 

•f 

1-30 

+ 

5*40 

0*66 

- 

3-80 

+ 

7*10 

- 


- 

+ 

- 

0-22 

MM* 

— 

- 

2 30 


[ 9^5 1 



Rliizosphcrc Rihzosplicrc Rilr^osplicrc 

after 30 clays after 60 clays after 90 days 

C/N ratio 

4-890 4-170 


8*429 

15*557 

Mycoflora 

No. of 
colo. in 
0‘i mgm. 
of soil 

No. of . 

colo. in 

of soil ‘““St 

No. of 
colo in 

0 1 ingiu. 
of soil 

Rliizo- 

planc 

Itingi 

No, of 
colo, in 

0*1 mgm. 
of soil 

R ilizo" 
plane 
iimgi 

12. A. sydowi Thom and 
Church 

1-88 

8-40 f 

G-50 

4 

8-40 


13. A. tamarii Kita 

0-88 

0-77 

0-44 

M. 

0-11 


14. A, terrens Thom 

0-33 

0-11 





15. A. versicolor Tiraboschi 

0-11 






16. Penicillium oxalicum Thom 

0-11 

— — 





17. T. lilacinum Thom 

4-6G 

(i-OO -I- 

3-50 

■ .... j 

0-88 


18. P, steckii Zaleski 

1-55 

1-55 





19. P. funiculosurn Thom 

0-44 

0-55 





20. P. sp. (1) 

“ 

0-1 1 


.w. 



21. Acrostalagmus cinnabarinus 
Oudemans 

0-11 






22. Helminthosporium ausira- 
liense Bugnicourt 

0-22 

oil 

1-30 


3-00 


23. H. rostratum Drcschl. 

0-G6 

— 




24. Cladosporium sphaerospermum 

Penzig 

25- Curvularia lunata Boedijn ~ 

- 

()\55 

0*33 

- 

1-30 

()-4-l- 


26. Alternaria tenuis Nees 

0-11 

0-li 




27. Fusarium. orthoceras Appel 
and Wollenweber 

0-11 






28. F.oxysporum Schlechtcm 
dahl 

0-11 






29. F. solani Appel and 
Wollenweber 

0*22 






30. F. semitectum Berkeley and 

Ravenel 

31. F. sp. (t) 

32. Mycelia slerilii sp. 

oil 

2-10 + 

1-30 

f 

0-88 

1 -GO 

+ 

33. Unidentified sp. (i) 

34. Unidentified sp. (ii) 


— - 

0-88 

088 

4 

1 GO 

l-GO ''I 

4 

4 

Total number of species 

24 

15 

14 


16 


Total population 
(Number of colonies per 
mgm. of soil) 






188 

223 

237 


335 



Colo 

= Colonies 








TABLE n 

Percentage germination of spores of various sporulating soil fungi 
in root exudates of clusterbeans 




Clycinc Glutamic acid (+■<+), 


Amino acids present in 

dl Methionine 

■), dl - Tiyptophanc 


root exudates 

(i'f), cll - Valine 

("f***), 1 - Arginine 



pl“) and Unknown acid 

). No. 

Species of fungi 

In distilled water 

In root exudates 

1. 

Rhizospus aniiiztn Fischer 

17-53 

32-47 

2. 

Choanephora cu cm bitar urn (Berk. 




and Rav.) 1 haxter 

44-30 

39 50 

3. 

Aspergillus candidus Link 

13-80 

lOnbl 

4. 

A. foetid us N a kj a ba 

17 -GO 

3*4(J 

5. 

A, Jumigalus Fres. 

49-19 

(JG'OO 

6 . 

A. nidiilans (Eidum) Winter 

17-40 

39- IG 

7. 

A, re St rictus Smith 

14-84 

10-01 

8. 

A. sydoivi Thom, and Church 

GO -30 

(;3-I9 

9. 

A. tamarii Kit a 

28 2 1 

29‘50 

10. 

A. versicolor Tirabosclu 

25*30 

■10-37 

11. 

Penicillurn oxalicurn Thom 

11 -GO 

45-45 

12. 

P, lilacinurn Thorn 

27-50 

71-27 

13. 

P, steckii Zalcski 

38-50 

53-85 

14. 

P. funiculosum 1 horn 

34-50 

30-26 

15. 

t'lwma hibernica Grimes, O’Conner 




and Cummins 

5-43 

9-94 

16. 

Hdminlhosporium ausUaliense Bugnicourt 31-53 

59-55 

11, 

H. rostratum Dreschl. 

6-01 

35-65 

18. 

Aliernaria tenuis Nees 

51-90 

43-70 

19. < 

Fasarium orthoceras Appel and 




Wollenweber 

51-20 

99-01 

20. 

F. oxysporum Schlechtcndalil 

82*60 

81-91 


+ , ++, and + + -}- show the increase in concentration of atnino aci<ls as shown by 
Intensity of spots. 


Waksman obsei vccl that ilu; C/N ra'io largely depends upon the activities of 
sou microorganisms. Tiie increase in the activities of mycollora at various age 
levels of the plant in the rhizosphere, as indicated by total populaiioru can Ire 
correlated with the increase in C/N ratio. Ihe O/N ratio determined lor imtial 
soil is 4*890 and 4*170 for the rhizosphere soil after thirty days*' growth* This 
unttal decrease is probably due to the liberation of amino acids and loss of qnrbon 


due to absorption, of nutrients by the roots. The C/N ratio after sixty days^dna 
ninety days’ growth is 8*429 and 15*557 respectively. This increase in G/N ratio 
is due to increase in carbon percentage and decrease in nitrogen as seen in the 
experiments. Increase in percentage of carbon can be explained as probably due 
to greater excretion of amino acids and decrease in nitrogen percentage due to 
continuous utilization of nutrients, which contain a part ol nitrogenous substances 
by the plant and lesser liberation of amino acids in the rhizosphere as the plant 
becomes old. The decrease in number and concentration of amino acids has 
also been reported in older plants as compared to seedlings (Timonin 1941). 

So the increase in number of colonies and reduction in the number of fungal 
species in the rhizosphere of Cyamopsis psoralioides is followed by an increase in 
G/N ratio. The root exudates consisting of various metabolites particularly the 
amino acids act as growth factors for the fungi and therefore those fungi are mostly 
recorded in the rhizosphere whose germinarion is stimulated in the root exudates. 


Summar y 

An analysis of rhizosphere mycoflora of clusterbeans in relation to root 
exudates has been done. Twenty four species of fungi were isolated from the 
initial soil and 15, 14 and 16 from the rhizospheres after thirty, sixty and ninety 
days’ growth respectively. The total fungal population increased from initial soil 
to the rhizosphere at the harvest time and this was found to correspond with the 
eflfect of root exudates on increase in germination percentage of fungus^ spores. 
The root exudates were shown to contain 7 amino acids. The C/N ratio of the 
rhizosphere soil was increased from 4*170-15*557. Thus the present study 
indicates that the composition of species and total fungal population in the 
rhizosphere is mostly governed by the roots and their secretions and excretions, 
the mycoflora in turn brings about the changes in G/N ratio of soil. 
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A NOTE ON THE INSECTICIDAL PROPERTY OF AJVjVOJVA 
SQUAMOSA (ANNONACEAE) 

By 

A, N. CHATTORAJ md S. C. TIWARI 
Zoology Department, Allahabad University, Allahabad 

[Received on 4th March, 1966] 

According to Gunther and Jeppson (1960) "With the few notable exceptions., 
the identities of the active plant constituents are unknown but their entomologi- 
cal performances have been noted and in some instances extensively explc^t . 
A number of organic compounds obtained from a majority of plant kingdom have 
been reported to be toxic to men, animals and insects. ^ The well known organic 
substances like nicotine alkaloids, pyrethroids, rotenoid, cam^phor and terpentine 
are being used as an insecticides for a long time.” It has been reported by 
Chopra et aL (1949) that out of numerous plant species of India about 
are supposed to have insecticidal properties. Very little work has been done i 
India to confirm whether these plants have any possibility of producing any 
insecticide of potential value. The only systematic work has been done by 
Abrol and Chopra (1963) who have investigated some 40 plants and have classi 
fied these plants according to insecticidal values or toxicity. 

The nresent study deals with insecticidal acitivity of the leaf extract in 
Ether of ^Annona sauamosa on the Red pumpkin Beetle ( Aulacophora foveicolhs) 
a serious pest of cuLrbits. Although the insecticidal °\^“^havrS 

property but did not investigate it. 


Methods and Observation 
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. i I j i „ to eras ot leaf powder was extracted witli 200 

iroVEtLf ^r 2 hours in ‘a soxhlet apparatus. After complete extraction the 
filher was distilled leaving 20 to 30 ml of ether extract m the extraction flask. 
t£s extract was transferred in a tared flask, which was again kept on the water 
hath for evaporating the remaining ether. The greenish viscous residue weigh- 
hfa l-253r?ms this obtained was diluted with 4 ml of acetone in order to 
famliSits^andling. To test the efficacy of the above extract the experiment 

was set up as follows * 

Five petridishes of the same size were taken and in each of which 5 ml. of 
acetone was poured. To each of these petridishes different amount of the acetone 
diluted extract was added e.g. in petridish no. 1 - 0 1 ml. no. 2 - 0 2 ml., no. 3 
- 0 3 ml and no. 4 - 0'4 ml. and no. 5 was kept as a control i.e. no extract was 
added. The petridishes were gently shaken so as to enable the extract to mix 
thoroughly with acetone of the petridish and to spread uniformly. All the petri- 
dishes Wether with control were kept for air drying. After the evaporation of 
acetone an uniform film of extract was left. In these petridishes suitable sized 
lantern glass were placed in such a way that the bottom end of the lantern glass 
fitted properly on the side walls of petridishes. To each of these petridishes 20 

insects of same size were dropped from the top (open end) and then the upper 

end of the lantern glass was covered with small mesh thin cloth and was tied 
with rubber band. This was done in order to avoid the respiratory difficulties 
of the insect as well as to prevent them from escaping away. Mortality observa- 
tions were made after keeping the insects with the extract tor 24 hrs- Table 
below shows the result : 


TABLE 


Observations showing toxicity o/Aunona squamosa leaj extract against 
Aulacophora foveicollis Red Pumpkin Beetle 


Serail 

Number 

No. of 

insects Vol. of Quantity 
in each extract ot extract 
replica- used m gras 

tion 

No. of 
repli* 
cations 

Condition of insects after 
24 hours 

Living Morr* Dead 
bund 

Mortality 

percent- 

age 

1 

20 

0*4 ml 

0-124 

4 

1-25 

0-50 

18-25 

93-25 % 

2 

20 

0-3 ml 

0-093 

4 

1-25 

2-50 

16-25 

93-25 % 

3 

20 

0*2 ml 

0-062 

4 

1-75 

2-75 

15-50 

91-25 % 

4 

20 

04 ml 

0-031 

4 

4-25 

4-50 

11-25 

78-75 % 

5 

20 

Control 

— 

4 

20 

- 


0% 


Conclusion 

It is quite evident frorn the above observation that the leaf extract of Annona 
squamosa is insecticidally active. There is no difference in mortality percentages 
at 0*3 ml and 0*4 ml concentration and has a minor difference between 0*2 ml and 
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0-3 ml. So 0-2 ml (-062 gm) concentration proves to be economic in controlling 

the above roentioned pest. Further work on different parts of the plant is under 
investigation. 

Sunuiiary 

The present study deals with the insecticidal activity of the leaf extract of 
Anmna squamosa. The insecticidal activity of the seeds of this plant was investi- 
gated by Mukerjea and Ranoi Govind (1958). They have reported that the leaves 
of this plant are likely to have some insecticidal property. In the present study 
the leaves were collected from local garden and then dried in a hot-air oven at 
59°G for 24 hrs. The powdered leaves were extracted in ether. The extract was 
dried, weighed and then diluted in acetone for experimenting on insect. The 
results show that the leaf extract has a good contact insecticidal property ^.g. 0*2 
ml of this diluted extract containing about 0*062 gm of the dry extract gave a 
91 Yo mortality on Aulacophora foveicollis F. Red pumpkin Beetle. 
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NOTE ON THE GROWTH RATE OF ALIMENTARY CANAL IN 
GALERUCELLA BRIMANICA “SINGHARA BEETLE” 
(GOLEOPTERA : CHRYSOMELlDAE) 

By 

A. N. CHATTORAJ and S. B. MALL 
Department of Z^ology^ University of Allahabad^ Allahabad 
[Received on 4th March, 1966] 

In the present study an ejffort has been made to study the rate of growth 
of the different parts of alimentary canal in relation to its body length. 

The insect Galerucella brimanica was selected on account of two factors, firstly 
that it is abundantly available and has a short life cycle period and secondly 
that no work has so far been done on the alimentary canal of this insect. The 
alimentary canal of this insect has the usual division and usual structures except- 
ing for some minor details. 

Material and Technique 

The insect and eggs were collected along with the host-plant (Singhara) 
from local tanks and reared in laboratory under normal laboratory conditions. 

The insects of different stages were dissected under Binocular Sterioscopic 
Microscope in salt solution (0-75%) and complete alimentary canal was removed 
and spread on a slide, and measurements were noted under microscope. 

Observations 

The just hatched larva measures 1T93 mm. in length, while the alimentary 
canal measures 2*698 mm. Ratio between the total body length and that of aliment- 
ary canal was 1 : 2-2. The different structures eg, fore-gut, mid-gut and hind-gut 
measured 0*238 mm., 1*578 mm. and 0*822 mm. respectively. In the full grown 
first instar larva just before moulting the different structures of the alimentary 
canal showed an increase of 0*184 mm.. 1*684 mm. and 0*368 mm. in fore-gut, 
mid-gut and hind-gut respectively. Where as the body length increased by 
0*944 mm., the alimentary canal grew 2*172 ram. longer and thus still maintaining 
a ratio of 1 : 2*2. Though the different parts increased at different rate but the 
over all ratio still remained more or less the same. 

In the second instar, the initial measurements just after moulting are at 
follows i Body length 2*165 mm., fore-gut 0*438 mm., mid-gut 3*444 mm., hind-gut 
1*409 mm. and alimentary canal 5*292 mm. In this we find that ratio between 
body length and alimentary canal has increased to 1 : 2*4 and the measurements 
for the full grown second instar larva just before moulting were as follows : Fore- 
gut 0*583 mm., mid-gut 6*239 mm., hind-gut 2*282 mm., alimentary canal 9*104 
mm. and body length 3*92 mm. Ratio between body length and alimentary canal 
shows a reduction, i.e, 1 ; 2*3. 

In the just moulted third instar larvae, we found the measurements as 
follows ; Body length 3*570 mm., fore-gut 0*723 mm., mid-gut 5*96 mm., hind-gut 
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2*347 mm. and alimentary canal 9*03 mm. Ratio between bodydength and aliment- 
ary canal 1 : 2’2. Where as the same measurements in a full grown larva 60 hours 
before pupation shows : Body length 4*988 mm., fore^gut 0-975 mm., mid-gut 
8*941 mm., hind-gut 2*954 mrn. and alimentary canal 12*614 mm. The ratio 
between body length and the alimentary canal 1 ; 2*5 is at its maximum at this 
period and the larva shows the maximum development. After 60 hours just 
before moulting for pupation the larva shrinks in size and the internal structure 
show a corresponding reduction in size the measurements are as follows : Body 
length 4*55 mm., fore-gut 0*555 mm., mid-gut 3*541 mm., hind-gut 1*871 mm. and 
alimentary canal 5*301 mm. the ratio between body length and alimentary canal 
now becomes 1 : 1*8. 

Conclusiosi 

From the above study we find that (i) there is no fixed rate of growth for 
the alimentary canal for this insect. («) The ratio between the rate of growth 
of body length and total alimentary canal though not fixed for all stages but 
varies little excepting for just before pupating, when the insects (larvae) shrink 
and prepare to moult for pupation, (tii) Similarily the rate of growth of the 
difxerent structure shows that there is no fixed rate of growth. 

From this study we find that the growth of the different parts in different 
instars are as follows : 


TABLE I 


Larval stage 

Fore-gut 

mm. 

Mid-gut 

mm. 

Hind-gut 

mm. 

Alimentry 
canal mm. 

Body- 

length mm. 

Just hatched— First 
instar 

0-238 

1-578 

0*882 

2-698 

1-193 

First instar 

0-2 

1-866 

0*527 

2-594 

0*972 

Second instar 

0-285 

2-516 

0*938 

3-738 

1*405 

Third instar 

0*252 

2-981 

0-607 

3-584 

1*418 


Table II shows growth rate/hour in mm. of different parts in different 


instars. 


table II 


Larval stage 

Fore-gut 

mm. 

Mid-gut 

mm. 

Hind-gut 

mm. 

Alimentary 
canal mm. 

Body- 
length mm. 

Frst instar 

Second instar 

Third instar 

0*0027 

0-0032 

0-0035 

0-0259 

0-0285 

0-0414 

0-0073 

0-0106 

0-0084 

0-0360 

0-0424 

0-0497 

0-0135 

0-0159 

0-0196 
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We further find from the maximum amount of growth of structures that the 
mid-gut developed 5*66 times of the original whereas least growth is shown by 
hind-gut which grows to 3*52 time of the original The table III shows this 
clearly. One thing important to note is that while the total increase in body» 
length is 4*99 times and the total growth of the alimentary canal is 4*67 times. 


TABLE in 

Region of growth 

Growth in mm. Number of times of original growth 

Body length 

4-771 

4-99 

Fore-gut 

0-737 

4-09 

Mid-gut 

7-363 

5-66 

Hind-gut 

2-193 

3-52 

Alimentary canal 

9-916 

4-67 


Sumiiiary 

The present study deals with the growth rate of different parts of aliment- 
ary canal in relation to its body-length. The just hatched larva measures M93 
mm. in length, while the alimentary canal measures 2*698 mm. Ratio between 
the total body length and that of alimentary canal was 1 : 2*2, In the full-grown 
first instar larva the body length increased by 0*944 mm. whereas the alimentary 
canal grew 2*172 mm. longer and thus still maintaining a ratio of 1 : 2*2. 

In the early second instar the ratio between body length and alimentary 
canal has increased to 1 : 2*4, and this ratio decreases to 1 : 2*3 before the second 
moulting. In the just moulted third instar larva ratio between body length and 
alimentary canal was 1 : 2*2, whereas at the time of maximum development ratio 
increases to 1 : 2*5. Before moulting of larva into pupa the internal structures 
show contractions and the ratio between body length and alimentary canal now 
becomes 1 : 1*8. 

From this study we find that : (i) There is no fixed rate of growth for the 
alimentary canal of this insect, (it) The ratio between the rate of growth of body 
length and total alimentary canal though not fixed for all stages but varies little 
excepting for just before pupating, when the larva shrinks and prepares to moult 
for pupation, {in) Similarly the rate of growth of the different structures shows 
that there is no fixed rate of growth, (iv) The total increase in body length 4*99 is 
times and the total increase of the alimentary canal is 4*67 times of original 
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stuDiEs IN tNe Monocot flora of assam anL north- 
east FRONTIER AGENCY 
By 

G. PANIGRAHI 

Botanical Survey of India, Allahabad 
[Received on 28th December, 1965] 

Realising that the Flora of British India by Sir J. D. Hooker (1872-1897), 
however comprehensive at the time, could not serve the needs of the present, 
taxonomists like Burkill (1924), Bor (1938), Fischer (1938) etc., undertook tours in 
certain parts of Assam and N. B. F. A., but the collections made by them could 
only be sporadic due to inaccessibility of the mountaineous regions especially in 
N.E.F. A., mainly owing to the absence of transport facilities during their time. 
Again, the publication of the Flora of Assam (1934-1940) by Kanjilal, Kanjilal, 
Das, Purkayastha, Dey, Bor et aL also leaves a serious gap in the knowledge of 
the Flora of this region owing to the non-inclusion of monocots (except Grami- 
neae) and many other herbaceous dicotyledonous plants occurring indigenously 
in the area. Mitra’s (1958) Flowering plants of Eastern India touches barely the 
fringe of the problem and leaves much to be desired. Subsequently, Kingdom 
Ward made some collections in the Lohit valley and in Dirang Dzong areas of 
N. E. F. A, and Srinivasan (1959) has published an account of the collections made 
by him between the foot-hill and Bomdila of the Kameng Frontier Division in 
May, 1955. Again, Panigrahi and Naik (1961) dealt with the geology, topography 
and vegetation between Kimin to Zero and have appended an enumeration of 
about 450 species collected from Subansiri Frontier Division in September, 1959. 
Yet, it must be admitted that the progress in the study of systematic botany and 
taxonomy of the flora of this area has been very slow indeed and vast tracts of 
this mountaineous country still remained unexplored botanically. 

Accordingly, Department of Botanical Survey of India launched a special 
scheme for compiling the Monocot volume of Flora of Assam with the exception 
of Gramineae. 

In pursuance of a well-planned programme of work, fairly large number of 
tours were undertaken in different parts of Assam and N. E. F. A. between 1956-62, 
the vegetation was studied, and sample collection of botanical specimens 
were made from varying altitudinal heights ranging from 30 m. in the plains of 
Assam to about 4500 m. in the interior Himalayan ranges of N. E. F. A. The areas 
visited, the period and the duration of visit and the total field numbers collected 
from each area are shown in Table I. Since Assam and N. E. F. A., two adminis- 
trative units politically, constitute one inseparable phytogeographical unit, this 
paper outlines the broad characteristic features of the topography, vegetation, and 
the climate and presents a combined picture of the monocot flora of the region. 

Topography : 

Geologically speaking, parts of Assam and the whole of N. E. F. A. area are of 
recent origin, generally attributed to tertiary or pleiostocenic formations whereas 
the southern parts of Assam namely, Garo Hills, Khasi and Jaintea Hills, and 
Mikir Hills contain a very ancient core of rock belonging to Gondwana age. Thus, 
diflFerent regions of Assam and N. E. F. A. belong to different geological ages. 
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traditionally, the region is ciassiBed into four different topograpkcal 

divisions from north to south, such as— 

(1) The Eastern Himalayas. 

(2) The Brahmaputra valley. 

(3) The Central Assam Range. 

(4) The South-Eastern Hill country. 

(1) The Eastern Himalayas. — It comprises all areas to the north of Brahma- 
putra valley upto the Tibetan border on the north, Bhutan border on the west 
and Burma border on the east. The origin of the region is attributed to tertiary — 
folding while some parts on the north east shows evidences of volcanic activities 
in the remote past. At certain places, the tertiary beds are seen lying below 
much older Archean or Cambrian rocks, evidently due to the horizonal thrusts 
from the north-west during the origin of the Himalayas. The whole area consists 
of steep hills and deep gorges, some of the ranges in India-Tibct border reaching 
upto 4270 m. 

(2) The Brahmaputra valley, — This valley is conveniently divided into 
Upper Assam and lower Assam limited by a north line joining Tejpur and 
Nowgong. The upper Assam constitutes the alluvial plains lying between the 
N. E. F. A. in the north-east and the Maga Hills in the south while the lower 
Assam is broken up by low hills, such as at Dhubri, Tejpur, Garbhanga and 
Gauhati. These hills belong to the same rnetamorphic complex as Shillong 
plateau and consists mostly of gneiss. In the centre of the valley lies the 
alluvium, several hundred meters in depth and is very fertile. A number of 
rivers, rivulets and streams which channel through this valley help iu creation 
of the large swamps and bheels viz, at Motharguri, Kaziranga etc. 

. Assam Range, — This comprises of the Garo Hills, Khasi and 

Jaintia Hills, North Gachar and Mikir Hills. Its western half is a broken plateau 
showing very little tertiary folding and attains 1920 m. m height at Shillong 
Peak. It slopes gradually towards north but is very abrupt in its southern slope 
and over-looks the Surma valley ^E. Pakistan). This range contains rnetamorphic 
rocks of very great age and is considered as forming parts of the Gondwana land 
continent. Large parts of the southern foot hills consists mainly of gneiss with 
very littl^e mica but possesses large coal seams, thick limestones at Cherrapunji 
and sandstone beds at Dawki ; the beds being largely horizontal lie almost on 
the surface. 

But the eastern edges of this range comprise irregular hills of North Gachar 
snowing very intricate folding and overthrust faults. 

T u South-Eastern Hill country, — This comprises mainly of Naga Hills and 

ushai Hills and also, include the hills of Manipur. These hills are characterised 
y tne presence of large faults. Serpentine intrusions arc seen in the extreme 
east, while south-west of Naga Hills possesses thick coal-seams. The hills are 
interspersed with steep and narrow valleys with few level stretch of alluvium. 

Soil 


The nature of soil-cover 
as their geological structure. 


in the different topographic divisions is as varied 
The soil is sandy clay at Sissini and sedimentary 
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beyond upto 2440 m. in Kameng, Subansiri and Tirap F. Divisions is covered 
over by ebris of leaf humus, and often to 6'J mm. in depth, arising mainly due to 

mltfnhv If T- ‘0 y-ar, over centuriL. Although the^gereral 

Mohlt ^h.Ml ^‘tPy divisions where, however, the 

reaches upto 1640 m., these hill ranges 
consist of brown black alluvium and are very stable and land slides seldom ocLr 
even in heavy rams in contrast with the Lohit F. D., in particular. 


he N. E. F. divisions are cut up by many swift flowing streams and 
^terfalls, joining the mam rivers Kameng, Subansiri, Siang, Lohit and Borab 
(iirap). ihe regions approaching the various streams and river beds are 
predominantly sandy. The slope of Khasi and Jaintia hills and Mikir hills 
possesses tropical red earth whereas on the ridges there is a gritiy soil derived 
disintegration of metamorphic rocks. The lower slopes of the iNaga 
Hills nave a thick layer of sandy loam derived from the weathering of sandstones. 
These areas, as well as the northern parts of Brahmaputra valley which are 
characterised by a heavy clay of acidic soil of yellowish colour, rich in organic 
material^ are very suitable for tea cultivation. The soil in the lower Assam 
valley is composed of recent alluvium and the subsoil consists of coarse water- 
borne pebbles with a cover of sandy loam of varying depth and over it lies a 
deposit of layer of humus. Near about Motharguri in N. Kamrup, the soil is 
rocky mixed with alluvium and gravel, while in Darrang district the bed of river 
Bhoreii is full of gravels. 


Climate 

The area is characterised by moderate temperature, heavy rainfall, high 
relative humidity, favourable distribution of rainy days in different parts of the 
year and complete absence of frost except in high altitudes of Eastern Himalayas. 
Consequently, there is no seasonal variation in temperature. 75% of precipitation 
is received between the months of June to October. Recently, Bagnouls-Gaussen 
(1960) has proposed a bioclimate map of India in which Assam and N. E. F. A. 
areas are divided into five different belts based on the temperature of the coldest 
months, number of dry months in a year and period of frost in higher altitudes. 

(a) Almost the whole of Assam except Central range and Naga Hills is 
governed by Mesoxerochimenic bioclimate characterised by 3-4 dry months in a 
year and by the temperature of the coldest month exceeding 15^G. 

(d) The Central range of Assam, Naga Hills Tuensang area, the entire sub- 
tropical and temperate belt of N. E. F. A, extending from Tirap Frontier Division 
in the east to Kameng Frontier Division in the west is governed by submesoxeric 
bioclimate with 1-2 dry months, temperature of the coldest month being less 
than 15^0. 


(c) Ihe mesobixeric type operates in the tropical and subtropical belt of the 
Eastern Himalayas in the N. E. F. A. bordering the north of Brahmaputra valley. 
This region is said to be characterised by 5-6 dry months in a year and by the 
temperature dropping below 15°G in the coldest month of the year. 

(d) The temperate cold or cold axeric type operates in temperate and sub- 
alpine regions and lie north of the submeroxeric region in the N. E. F. A. area. 
This type experiences less than four months of frost, and has only one dry long 
period. 
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(e) The alpine Himala'yas forming two restricted pockets in the cold axeric 
region is covered with frost and experiences cold throughout the year. The 
climate in this region is termed as crymeric. 

Vegetation 

The vegetation of Assam and N. E. F. A. is classified under varied types. 
Their special distribution and dominant components have already been detailed 
in a separate communication (Rao and Panigrahi, 1961). The main types arc as 
follows : 


L Tropical evergreen and semi-evergreen fores types are found in the 
foot hills of Himalayas and Chirang Reserve and Haltugaon Reserve in Goalpara 
districtj Nunai Reserve, Orang, Khalingduar in Darang district, Nambur Reserve 
in Sibsagar, Katakhal Reserve in Gachar, Upper Dihing, Dulong and Ranga 
Reserve of the North Lakhimpur district and Loharband and Narpur Reserves in 
Gachar district. 

2. Tropical moist and dry deciduous forests . — These type are of rarer occurrence 
and are found only in northern parts of Goalpara district and towards north of 
Tezpur in Darrang district, while tropical deciduous Sal forest occurs in Rani, 
Jarasal, Kulsi and Garbhang reserves of South .Karnrup and Gharduar, Dhariketi 
etc. in Darrang district. 

3. Subtropical mixed forest . — This is found in certain inaccessible parts of 
K. & J, Hills, Naga Hills in Assam and parts of N. Si. F. A,, such as, Bhairabkund 

Zang, Bomdi La, Rupa to Jabrang, Peri La in Kamcog Frontier 
Division, near Zorum Basti in Dafla Hills, near Sirang along the bank of the 
nver Siang upto Tibet border in Siang Frontier Division, near Dreyi in Lohit 
iTontier Division and at places like Niusa, Waka etc. in Tirap Frontier Division. 

4. ^ Subtropical pine f orest.—^Thu forest type is rather an artificial one and 
^curs in areas such as Shillong plateau, Nongstoin area in the Khasi and Jaintia 
Hills, near Zang, Bumla etc. in Kameng Frontier Division. 

forest.^Art^$^ such as, Senge Dzong, Towang, Bumla, 
Zang in Rameng frontier Division, Apatanang valley (Hapoli) in Subansiri 
frontier Division, from Sirang to northern side upto Tibet border in Siang Frontier 

Division, and eastern part of Lohit Frontier Division are characterised by this 
type. ^ 


K 4 . • forest.^Occixrxenct of this type of forest is not common 

F D^ Dzong in Kameng F. D., in Apatanag valley in Subansiri 


V n vegetation.~-Ytty high altitudes at Sela in the Kameng 

aip^e vegetadon^^^” Lohit F. D. are characterised by sub-alpine and 


.1, banks of Manas river in the Motbarguri area 

Kaziranga Reserves in the Sibsagar district and the foot 
01 MiKir Hills in Assam are swamps covered by grassland vegetation. 

t!,- Nongstoin, Jowai areas in the Khasi 

and Jamtia Hills of Assam and the region between Kherbari and Haploi in the 
Subansiri F. D. ^d between Tmchha and Laju and again, at Niusa area in the 
vegXSm Division, N. E. F. A. are characterised by a Subtropical grassland 
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An enumeration of the total number of species of Monocots of Assam and 
N.E.F. A. collected by the Eastern Circle of the Botanical Survey of India 
together with those of the former herbarium of the Assam Forest Department 
with the exception of the two families, viz. Gramineae and Orchidaceae, reveal 
the existence of 145 genera and 540 species belonging to 24 families of Bentham 
and Hooker’s system. The family _ Philydraceae, however, appears to be unrepre- 
sented in the area. Recent collections of Botanical Survey of India have revealed 
hardly any new taxa of the grasses not already included in the most comprehensive 
and uptodate treatment of the family Gramineae by Dr. N. L. Bor (1940 and 
1960). Family Orchidaceae is being treated under a separate scheme viz. ‘National 
Orchidarium’. 


Of these 540 species referred to above, the five dominant families, viz. 
Cyperaceae (134 spp.), Scitamineae (75 spp.), Liliaceae (70 spp.), Araceae (60 spp.) 
and Palmae (28 spp.) share among chem 367 species. It is interesting to observe 
that of the 134 spp. of Cyperaceae 67 species belong to two genera viz. Garex 
(39 spp.) and Cyperus (28 spp.). Similarly, amongst the genera with larger number 
of species in this area are Smilax with 17 spp. and Hedychiumvilih 16 spp, and many 
varieties. On the other hand, families like Bromeliaceae (Genus 1 : sp. 1), Taccaceae 
(Genus 1 : spp. 3), Xyridaceae (Genus 1 : spp. 3), Flagellariaceae (Genus 1 : spp. 1) 
and Pandanaceae (Genus 1 : sp. 3) are poorly represented in Eastern India and 
stand in good contrast with the dominant families cited above. But the families 
Dioscoreaceae and Eriocaulaceae, though represented by one genus each, are 
widely distributed, Dioscorea with 24 spp. and Eriocaulon with 14 spp, in the area. 
On the other hand, 17 genera viz. Hydrilla, Nechamandra, Streptoput, Theropogon, 
Gonioseypha, HemerocalUs, Asphodelus, Dianella, Gloriosa, Tricyrtis, Paris, Plagellaria, 
Pislia, Thomsonia, Lasia, Tenagocharis and Courtoisia represented by only one 
species in India also occur in Assam and N. £. F. A. 


The widely distributed species in this area ate : Hedychium coronarium Koenig 
and its varieties, Hitchenia careyana (Wall.) Benth., Costas sptciosus (Koenig) Sm., 
Alptnia allughas (Retz.) Rose., A. malateensis (Burm.) Rose., Curculigo recarvata 
Dryand, Dioscorea balbifera Linn., Monocharia hastaefolia Presl, Calamus jloribundus 
Griff., Colocasia escalenta (Linn.) Schott., Cyperus brevifolius (Rottb.) Hassk., Selena 
tessellala Willd., and 5. cochinchinensis (Lour.) Druce and many of them also extend 
their range of distribution elsewhere in India. 


In contrast, Aletris kkasiana Hook. f. (Upper Shillong, (S. L. 15111), Ophiopogon 
dracaeloides (Bak.) Hk. f. (Kohima, Bor 15814), Dioscorea seortechnu Pi. ^ Bntk. 
(Garampani in Sibsagar district U.N.Kanjilal 1 ^ 21 ), Polygonatum grtffithu Baker 
Shoeliang in Lohit F. D., Rolla 10518), P. hookeri Baker (Senge D^ong m Kameng 
F. D. Rolla 7708), Gonioseypha eucomoides Baker (Brukpalanchen in Kameng f. u., 
Panigrahi 15634), Eleochans fistulosa (Poir.) Schultz. Bappathar in Sibsagar, 
S. l7 S. JV., Sett pus maritimus Linn. (Lawlynghdoh in Khasi & Jaintia Hills S. L. 
15975), S cl tria annularis Kunth (Gherapunji-^. L. 986), are species with very 
restricted distribution. 

Many species collected from Assam and N. E. F. A. area 
distributed in^ the neighbouring regions as shown in Tablp II and III. ^ 

of the 540 species collected have turned up as endemics to this region, t 
indicating hardly 4 per cent endemism in the monocot flora. 

An analysis of the available data on distribution of species shows that the 
percemagrormonocot flora in the tropical and sub-tropical altitudes is much 
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higher than the percentage occurring in temperate and sub-alpinc situations. 
Most of the species of Heiychium, Alpinia, Musa, and Castus spedosus Sm. 
restrict themselves to the borders of the tropical forest and are never seen 
growing under the shade in these forests, while species of Amomum, 

Peliosanthes, Curculigo, Amorphophalus etc. seldom expose themselves to sun 
light and grow comfortably below the trees as undergrowths. Roscoea Sjpp., 
GautUya spp., Polygonatum oppositifolium Royle, P. cathcariii Baker, liekrosmilax 
indua A. D. G. Tupistra aurantiaca Wall., are the characteristic elements of the 
sub-tropical evergreen forests. The species characteristic of the temperate forests 
are also in a considerable number. They are /rii* spp (and probably the whole 
family). Dioscorea karnoonensis Kunth, D. deltoidea Wall., Smilax parvijlora Wall., 
Polygonatum Smilacina spp. Lilium cor di folium Don Sind Arisaema consanguineum 
Schott etc., some of which, however, descend down to sub-tropical forests. Species 
commonly found in the grasslands, both sub-tropical and tropical, are innumer- 
able, as the whole family Gyperaceae is found on the margins of ponds and in 
marshy areas, together with Phrynium capitatum Willd., Plemerocallis fulva Linn., 
Iphtgenia indica Kunth, Chlorophytum spp., Xyris spp., Juncus spp., Typhonium 
tnlobatmn (Linn.) Schott,, T, Jlagelliformo (Roxb.) BL and Etiocaulon spp. etc. Very 
few species extend to sub alpine and alpine regions and are very rare m such 
situations. Of these mention may be made of Polygonatum hookeri Baker, Smilacina 
oUgophylla Hk. f,, Fritillaria dtrhosa D. Don, Juncus grisibachii Buch.-Ham. etc. 

In contrast to the small number of endemic species referred to earlier, a 
larger number of species are distributed elsewhere in India (Table II) and outside 
India (Table III). 

It is thus evident that a large number of species from neighbouring regions 
have found their way to Assam and N. E. F- A. which has served as a meeting 
ground for Malayan-Burmese elements on the one hand and Peninsular India 
elements on the other. This may coroborate the accuracy of the lloristic 
divisions to which the area has been divided by Good (1953). 


TABLE II 


TABLE HI 


Species common to — No, 


Species common to — 

No. 

Bengal-Bihar 

41 

Sikkim & Bhutan 

120 

Western Himalayas 

40 

Burma & Malaya 

98 

Manipur 

35 

Nepal 

58 

Deccan Peninsula including \ 


Ceylon 

45 

Goncan & Malabar 

51 

China 

42 

Nilighiri & Pulney Hills ) 


Australia 

25 

Andaman & Nicobar Islands 

8 

Africa 

15 

Throughout India 

86 



The occurrence in Assam of certain number of species common to Africa and 
Australia seems rather intriguing Species common to Africa include Dioscorea 
pentaphylla Linn^ Potamogelon octandus Poir., Eriocaulon xeranthemum Mart Kyllinoa 
trueps Rottb eleusinoides Kunth, etc. and those common ti^AustrSa afe 

Burmannta disticha Linn., B. coelestts Don, Dracaena angustifoUa Roxb Potamoeelon 
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Species listed below have turned out as new records for the area ; their 
distribution and field characters and other relevant data are indicated against 
each : 

1. Miisa nepaleiasis Wall F. B. L 6 ; 261. 

Wild, with green fruits and violet bracts. Collected for the first time 
from Pangsu Pass in Tirap F. D., N. E. F. A. {Rolla 20165). 
Earlier distribution : Nepal. 

2. Jtinciis glauciis Ehrh. F. B. I. 6 : 393. 

Perennial, on the sandy bed of streams and on dry grassy slopes etc, ; 
stem cylindrical, brown at base ; flowers brownish. Collected from 
Jegaon (Panigrahi 6698), Shergaon (Panigrahi 15754) and Nyukma- 
dong. {Rolla 7606) in Kameng F. D., N.E.F.A. Earlier distribution. 
West Himalayas from Kashmir to Nepal, Nilghiri Hills, Ceylon etc. 

3. Clarex myosurus Nees F. B. I. 6 : 723. 

Aerial stem upto 1 m. high, inflorescence not conspicuous. Collected 
from Sissini {Panigrahi 6071) in Kameng F. D., N. E. F. A. Earlier 
distribution : Nilghiri and Pulney Hills, Courtallum. 

4. Zalacca aecunda Griff F, B. I. 6 : 472. 

Commonest perennial palm without aerial stem ; leaves about 5 m. in 
length, thorny ; young infloresence axis dark brown. Collected from 
the valleys between Banfera and Longhwa {Panigrahi 16742) in 
Tirap F. D., N. E. F. A, Earlier distribution ; Rangoon. 

TABLE I 


. No. of monocot 

Areas visited by BSI/EGj Period and duration Q^Ugctor species fields 
Shillong of visit nos.) collected 


Assam 

Khasi & Jaintia Hills dist. 
Cherapunji 

Pynursla 

Jowai & Garampani 

(Jmtrue &. Barapani 
Nongstoin &Nangkhlaw 
Shillong and surround-ings 


June, Sept. Dec. 

(9 days) 

August (3 days) 

May, October 
(6 days) 

November (4 days) 
June (6 days) 
Various seasons 


R. S. Rao & 

G. Panigrahi 

G. Panigrahi 

G. Panigrahi & 

R. S. Rao 

G. Panigrahi 

G. Panigrahi 

G. Panigrahi & 

G. K. Deka & others. 


58 

30 

33 

16 

42 


Areas visited by BSI/fiG, 
Shillong 


Period and duration Collector 
01 visit 


No. of monocot 
species (ix field 
nos.) collected 


K amt up dist. 


Garbhanga, Rani, Jarasal 

May (4 days) 

G. Panigrahi 

28 

Sc Kulsi R. F. s. 




Manas Sc Motharguri R.F.s 

July (5 days) 

R. S. Rao 

15 

Goalpara dist, 

Chirang and Haltugaon 

April (3 days) 

R. S. Rao 

12 

R. F.s 




Darrang dist, 

Gharduar, Dhariketi 

February (10 days) 

G. Panigrahi 

20 

Khalingduar R. F. 

April (5 days) 

B. K. Nath 

13 

Singri R. F. and Orang 

Jnly (4 days) 

Cr. Panigrahi 

21 

Caehar and Mikir Hills dists. 

Foot Hills ol Mikir Hills 

May & August 

R. S. Rao & 

33 

Deygrum, Katakhal R.F.s etc. 

(8 days) 

G. Panigrahi 


Pfowgong dist, 

Silghat area 

February (4 days) 

G. Panigrahi 

9 

Sibsagar dist, 

Baguri, Nambor Kaziranga R.F.s 

May & Sept. 

(8 days) 

G. Panigrahi & 

R. S. Rao 

35 

Lakhimpur dist, 

Dibru-Kakajan R.F.s 

October (7 days) 

G. Panigrahi 

37 

Upper Dihing R.F. 

July (3 days) 

G. Panigrahi 

23 

Kokoi, Ranga Sc Dulong R.F.s 

November (7 days) G. Panigrahi 

34 

Garo Hills dist. 




Tura top, Baghrnara, Rong- 

November (7 days) G. Panigrahi 

28 


Rongcri R.F.s 

N.E.F.A. 

Kameng F. D. 

Foot Hills to Bomdila and beyond March, April, May G. Panigrahi 158 

to Towang and Brukpalanchen in (38 days) 

Bhutan border to Bhairabkunda May, June (32 days) R. S. Rao 27 

in the south and Rupa in east. 


I m 1 


Areas visited by BSI/EG, 
Shillong 


Period and duration 
of visit 


Collector 


No. of monocot 
species (Le, field 
EOS.) colected 


Subanstfi F. D. 

From Kimin to Ziro September (12 days) G. Panigrahi 38 

Siang F. D . 

Tuting, Koppu, Geling, Kepangla, November (27 days) R. S. Rao 46 

Pongu, Sairang Eyo. Along etc. 

Lohit F. D, 

Digaru to Heyuliang November-December R. S. Rao 43 

(27 days) 

Tirap F. D. 

Ghenglang, Laju, Waka, Niusa, August-September G, Panigrahi 60 

Wanu, Banfera, Rusa. (20 days) 

Pangsupass. 

Marghcrita-Jairampur, Nampong, October (14 days) R. S, Rao 33 

Pangsupass, Namchik. 


Sinnmary 

The paper outlines the broad characteristic features of the topography, 
vegetation and the climate and presents a combined picture of the monocot flora 
of Assam and North East Frontier Agency on the basis of the study of specimens 
collected from the area and deposited in the Central National Herbarium, 
Howrah (Calcutta), Forest Research Institute, Dehra Dun (DD) and Eastern 
Regional Herbarium of the Botanical Survey of India, Shillong (Assam). It 
discusses the distribution of 540 species belonging to 145 genera and 24 iamilies 
of Bentham and Hooker’s system and records Musa nepalensxs Wallj /anm glaucus 
Ehrh., Garex myosurus Nees and Z^latca secunda Griff, as new records of species for 
the area. 
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Fischthai and Kuntz (1963) have given a ctitical review of the genus Orient- 
ocreadium Tubangui, 1931 and a general discussion about the synonymy of the 
genera Paratormopsolus Bychowsky and Dubinina, 1954, Gaiada Chatterji, 1933, 
Neoganada Dayal, 1938, Niznmia Dayal, 1938, Ganadotrema Dayal, 1949 and Macro* 
trema Guptii, 1951. Yamaguli (1958) created the subfamily Orientocrcadiinae to 
include the genera Orient ocreadium and Macrotrema under the family Allocreadiidae. 
Skrjabin and Koval (1960) created the family Orientocreadiidae and kept in 
Lepocreadioidea Cable, 1956. Fischthai and Kuntz (1963) invalidated the 
subfamily Orientocrcadiinae, indicating only two valid Plagiorchid genera, viz., 
Orient ocreadium Tubangui, 1931 and Canada Chatterji, 1933 in it. They suggested 
that these genera can be placed either in Plagiorchiidae or partly in the latter and 
partly in Brachycocliidae. 


Fischthai and Kuntz (1963) consider that the tubular and ^ Y-shaped 
excretory bladder should have a generic significance. The species having tubular 
excretory bladder should be separated from the species having Y-shaped 
excretory bladder. On this basis they consider Orieniocreadium and Canada as 
the valid genera and they have shown Pfeoganada, Nizamiay Ganadotrema and 
Macrotrema synonymous to the genus Canada. They consider Orieniocreadium 
batrachoides Inhangm, 1931, 0. Pande, 1934 and O.pseudobagn 

1934 as valid species of the genus Orientocreadium and 0. raipurensts bakstna, lyad, 
0. dayalai Saksena, 1958, 0. umadasi Saksena, 1960 and 0. lazeri^ Khalil, 1951 
synonymous to 0. bairachoides. The synonymy of some of the species included in 
the genus Canada have also been discussed by them. 


Creation of the family Orientocreadiidae Skrjabin and Koval (1960) seems 
unnecersary. The author supports Mehra (1962) in shifting the subfamily 
Orientocrcadiinae from Allccrcadiidae to Lepocreadiidae Micoll, 1934 on two 
reasons, firstly, because of the presence of vesicula seminalis externa and secondly, 
on the basis of chromosome morphology. Britt (1947) reported that large chromo- 
somes occur in the family Allocreadiidae. Chromosomes of Orientocreadium 
Saksena, 1960, as studied by the author (1963) are small, ^ 

author accepts the view of Fischthai and Kuntz (1963) that, 
knowledge of the life cycle of any of the forms included m the subfamily Jnent- 
ocreadiiLe, their systematic position is still a subject to debate and a matter of 


personal preference. 

The author accepts the view of Fischthai and Kuntz (1963) that 
and Y-shaped excretory bladder should have a generic M^nifi ^^^^^Ganoda 

the similarities of other structural characters. ^“4 Q^nado- 

Chatterji, 1933 and the synonymy of the Bowt.cx, the author 

trema to the genus Canada are accepted on the above 
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cannot possibly accept the synonymy of the genus Uacrolrema Gupta, 1951 to the 
genus Canada shown by Fischthal and Kuntz (1963). Very long oesophagus 
shifting the position of intestinal bifurcation near to ventral sucker in Macrotrema 
ffiirrffni Gupta, 1951 cannot be ignored. In addition to the above character, decid- 
edly diagonal position of testes, ovary larger than testes and anterior extension 
of vitellaria upto anterior level of acetabulum or even beyond it should also be 
considered. All these characters taken in conjunction definitely justify the validity 
oC the genus Maefotrema. 

Fischthal and Kuntz (1963) declare Orientocreadiiim raipureans Sakseoa, IQSS, 
0. dayalai Saksena, 1958 and 0. umadasi Saksena, 1960 synonymous to 0. balrachoides^ 
overlooking the fact that in the above three species the cirrus is spiny* (They 

are incorrect to state under Orientocreadium raipurensis Saksena, 1958 “It 

can be differentiated from 0. indicum in having unspined cirrus and metraterm” 

Fischthal et aL (1963) : Page 456. The author had definitely stated in 

his papers that the cirrus is spiny. — Saksena (1958j : Page 59 line 30, page 61 line 
9 ; Saksena (1960) : Page 84, line 16). On the basis of spiny nature of cirrus and 
metraterm they have accepted the validity of 0. indicum. 

Orientocreadium raipurensis^ 0. dayalri and 0, umadasi may come rrearcr to 
0. indicum Pande, 1934 on the basis of the spiny cirrus. I'hc prepharynx in 
0. umadasi is decidedly long. This character has been tound constant in the fur- 
ther collection of parasites from different regions of Madhya Pradesh (India). 
Bilobed nature of vesicula seminalis externa is more pronounced in some while 
in others it is less pronounced, but the constriction is always present to dilTcrent- 
iate the two parts of the vesicula seminalis extenra. The long length of 
prepharynx has been sufficiently established in these trematodes and on this basis 
the author considers 0. umadasi^ a distinct species. It is further differentiated from 
0. indicum by the suckers being approximately equal and the anterior extension 
of the vitellaria upto the level of ovary. 

0. raipurensis has been differentiated from 0. indicum on the basis of relative 
size of suckers, position and extension of cirrus sac and the vesicula seminalis 
externa being retort-shaped. 0. dayalai has been differentiated from 0. indicum 
on the basis of anterior extension of vitellaria, posterior testis smaller than 
anterior testis, prepharynx and oesophagus comparatively long and oral sucker 
decidedly much smaller than ventral sucker. 

Beverley-Burton (1962) and Fischthal and Kuntz (1963) studied further 
collections of 0. hatrachoides and reported variations in external seminal vesicle, 
extension of cirrus sac and the form of strap shaped vitelline follicles forming a 
lattice. Intraspecific variations are likely to occur in 0. indicum as well on the 
same lines. 0. raipurensis were collected twice and 0. dayalai once only. They 
were not available later on for re-study. Of course, it is difficult to judge the 
limits of intraspecific variations of different species. Further population studies 
of the Indian species of Orientocreadium and their cytological studies might throw 
more light over this. 
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ON A NEW CESTODE, COLUMBIA ALLAHABADI N.G., N.SP., FROM THE 
INDIAN PIGEON, COLUMBA LIVIA (GMELIN) FROM ALLAHABAD 

(INDIA) WITH A REVISION OF THE KEY TO THE VARIOUS 
GENERA OF THE SUBFAMILY, THYSANOSOMATINAE 
(SKRJABIN, 1933) 

By 

V. C. SRIVASTAVA 

Zoology Department. C. M. P. Degree College, Allahabad 

and 

V. N. CkVOOK 

Zoology Department^ University of Allahabad 
[Received on 28th January, 1966] 

The examination of the intestines of pigeons, for the last six months has 
disclosed a number of interesting forms of cestodes one of which is considered 
in the present paper. A detailed morphological study of the present form has 
revealed it to belong to the subfamily Tbysanosomatinae Skrjabin, 1933 (Anop- 
locephalidae Cholodkovsky, 1902). The form possesses a sac like paruterine 
organ and a transverse lobulated uterus, the characters which warrant the erec- 
tion of a new genus. 

COLUMBIA N.G. 

Generic Family Anoplocephalidae ; subfamily Tbysanosomatinae, 

Scolex not distinctly seperated from strobila, with 4 muscular, cupshaped, un- 
armed suckers. Rostellum absent. The neck is short. Proglottids much wider 
than long. Proterandrous. Ovary submedial, poral, bilobed. Vitelline gland 
postoverian, compact and transversely elongated. Testes many, in two lateral 
groups, separated by the ovary. IJterus a transverse lobulated sac. Common 
genital openings alternate irregularly. Genital ducts medial. Cirrus sac small, 
muscular not reaching the longitudinal excretory canal. Vesicula seminalis 
interna and externa (?) present ; Vagina irregularly dorsal and ventral to cirrus 
sac. 


Type species ; COLUMBIA ALLAHABAD f N.SP. 

Description : (Measurements in mm.) 

(Figs. 1, 2, 3, 4) 

Scolex not well demarcated from the body, rectangular (length 0T18, width 
0*177). Suckers 4, unarmed, muscular and cup shaped (diameter 0*088) Rostel- 
lum absent. Short neck present (length 0*236). Proglottids broader than long 
(average measurement : Mature proglottids length 0*384-0*443, width 5*5., 
Gravid proglottids length 0*443-0*694, width 5). Dorsal excretory canals nar- 
rower than ventral canals and extending up to the middle region of the strobila. 
Proterandrous. Testes numbering 75-120 (average diameter 0*029) disposed in 
two lateral groups, seperated by the ovary. Ovary submedial, bilobed, poral. 
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Vitelline gland compact ; postovarian (width 0; 147-0-265). Genital ducts medial 
Vagina opening irregulary into common genital atrium on the dorsal and ventral 
sides of the cirrus sac. Cirrus sac elongated, muscular tube (length 0 147-0 221 ; 
width 0‘029'0*073), not reaching the excretory canal ot its side. Vesicula 
^minalis interna (size 0-073 xO-029-0-1 18x0-044) and vesicula seminalis externa 
(?) present. 

Uterus, a transverse fissure initially, transforms later into a transverse sac 
and extends unto excretory canal on either side (average size 4'354X 0-295). 
single like (size 0 147 x 0 088-0-39dx0-265). 


Eggs, 

uterus. 


minute, spherical (average diameter 0*014) numerous, filling the. 


Host : Columba livia (Gmelin) 

Locality : Allahabad, U. R India. 

Specimen : Museum, Zoology Department, Allahabad University, 
Allahabad (India) 


Discussion 

Thysanosomatinae Skrjabin, 1933 includes 8 genera (Vamaguti, 1959 viz. 
Thysamsoma Diesing, 1835 ; Anootypus Woodland, J928 ; Bear, 1927; 

AditelUna Gough, 1911 \Stilesia Railliet, 1893 ;Thysaniezia Skrjabin 1926 ; Wyominia 
Scott, 1941 from mammals and the only genus Lopez-Ncyra, 1944 (syn, 

Baeria Moghe, 1933) from birds. 

A comparision of all the genera discribcd under the subfamily Thysanosoma- 
tinae reveals that the present form is distinguishable from 7 hysanosoma and Wyomi^ 
nia in the absence of double set of genetalia. It also differs from Ascotaenia 
Stilesia and Thysanuzia in the possession of only one paruteiine organ. It resem* 
bles Anootypus^ AvUellina and Mogheia in having single paruterinc organ. But 
Anootypus and Avitellina differ from it in the presence of litwer number of testes and 
absence of a definite vitelline gland. Mogheia appear to be the closest ally of the 
present material. These resemble each other in the presence of single paruterinc 
organ, small cirrus sac, irregularly alternate genital openings, medial genital ducts 
and proglottids wider than long. But differ in the following respects. 

1. Proglottids of Mogheia are narrower than the scolex while those of the 
present form are much wider than the scolex. 

2. Testes numbering 8-9 in the former while 75-120 in the latter. 

3. Vesicula seminalis interna absent in former while present in the latter. 

4. Uterus in Mogheia is subraedian globular sac occupying the whole length 
of the proglottid while in the present material it is a transverse lobulated sac 
reaching the longitudinal excretory canals on either sides. 

In the light of the above discussion it can be very well concluded that the 
form differs from all the reported genera of the subfamily Thysonosomatinae. It 
is therefore necessary to erect a new genus, Columbia tor the reception of the 
present meterial. 
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EXPLANATION OF THE PLATE , . rr 

Figures. 1. Scolex with neck; 2. Mature proglottid; 3. Gravid proglottid; . ransverse 

section showing the terminal genital ducts. 

C.S. Cirrus sac; d.e.v. Dorsal excretory vessel ; e. Eggs ; e.v.s. ^ g^j. 

eminaiis; g.a. Genital atrium; ip. Immature proglottid ; i.v.s. 

lalis ; 1. m. Longitudinal muscle ; n. Nerve ; nk.Neck; ov. excretory ’vessel ; 

■aruterine organ% s. Sucker : sc. Scolex; t Testes 5 Jranj er^ 

11 . Uterus ; v. Vagina ; v.e.v. Ventral excretory vessel ; v. g. Vitelline gland. 




Type genus ; Columbia 

Type species ; Columbia allahabadi 

Key t© tlie genera of the subfamily Tliysaeosomatinae (Skrjabiii, 1933) 

1. Genitalia — Single per proglottid 2 

Double per proglottid 6 

2. Paruterine Organ 

One ^ 

Two .*• Siilesia 


More then two 

3. Uterus -Round sac 

Tiansverse sac 


Mogheia 


4. Vitelline gland absent, testes few vagina alternately dorsal 

and ventral to cirrus sac AviUllina 

Vagina always ventral to cirrus sac Anootypus 

Vitelline gland present, testes numerous in two groups ... Columbia 

5. Paruterine organs few, in number, testes in intravascular 

field, vitelline gland rudimentary, genital ducts dorsal to 
excretory stems ... Ascotamia 

Paruterine organs very numerous testes in cxtravascular field, 
vitelline gland small and compact, genital ducts between 
the two excretory stems ... Thysaniezia 

6. Posterior border of proglottid fringed. Testes occupying 

posterior half ot proglottid between two ovaries Thysamsoma 

Posterior border of proglottid not fringed. Testes in a single 
row occupying anterior two thirds of proglottid ... Wyominia 
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TfeLE PAS REACTIVE SUBSTANCES OF THE CYTOPLASMld 
ORGANELLES IN THE DEVELOPING MALE GERM CELLS 
OF LYGAEUS HOSPES (HETEROPTERA, HEMIPTERA) 

By 

S. N. SRIVASTWA 

Zoology Department^ L. S. College^ Bihar University^ Muzaffarpur 
[Received on 6th June, 1965] 


Intro due cion 


Schrader and Leuchtenberger (1951) first initiated the investigation of the 
FAS reactive substances in the cytoplasm of the male germ cells of the bug, 
Arvelius albopunctatus. Later, Leblond and Clermont (1952) demonstrated the 
presence ot mucopolysaccharides-acidic as well as basic or neutral type in the 
spermiogenesis of a number of mammals. Clayton et aL (1958), Bawa (1960), 
Gupta and others (1960) have worked out the histochemical details of the cyto- 
plasmic inclusions of the male germ cells of some more insects. 

In order to throw more light on the chemical nature of the cytoplasmic 
inclusions in the developing male germ cells, the author undertook this work. 


Material and Technique 

Male specimens of Lygaeus hospes were collected from Gorakhpur, U. P. and 
Muzaffarpur, their testes were taken out rapidly in normal saline and fixed im- 
mediately in cold Carnoy, in the Ludford’s modification of Mann-Kopsch and in 
Flemming’s fluid without acetic acid. The ManD'Kopsch sections were mounted 
without any counterstain, those of F, W. A. were stained with Iron alum and 
Heidenhain’s haematoxylin, and those of Carnoy with leucobasic iuchsin after 
periodic acid oxidation. The leucobasic fuchsin was prepared according to 
Coleman’s method (1938) and the periodic acid solution was prepared according to 
McManus (1946) and to Hotchkiss (1948). The FAS sections were count erstained, 
if desired, with methyl green or fast gieen. For the test of the nature of the FAS 
reactive substance the reversible acetylation technique of McManus and Lason 
(1950) hot methanol and chloroform mixture of Gersh (1949) and the PAS test 
after treatment of the section with diastase, hyaluronidase and pepsin were 
performed. 

For obtaining sections from freezing microtome the technique of Baker 
(1944) was employed and the following histochemical tests were also peitormed : 

1 Millon’s test according to Bensely and Gersh (1933) and according to 
’ Baker (as recommended by Pearse 1961). The latter proved more 
useful. 

2. Mercuric-bromophenol blue test as recommended by Mazia, Brewer and 

Alfert (1953). 

3. Berg’s (1926) Ninhydrin test 0-2% aq. soln. The Xanthoproteic test, 

Sakaguchi’s test lor arginine, Schultze’s test for cholesterol and Sudan 
Black B test for lipoid were performed as recommended by Baker 
(1944). 
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( 4 ) Periodic- acid-SchiJ' reactive substances 

In sections prepared by Carnoy periodic acid technique, sonic 

spherical and sub-spherical bodies are stained red in the grown up primary sper- 
matocytes (PL 1, fig. 1). Some of these red bodies are in contact with the nuclear 
membrane and the others scattered in the cytoplasm. These corresporul in size 
and position to the internal portion of the Golgi bodies as seen in Mann lvopsch 
preparation (FI. 1, fig. 10). The Golgi externum does not show any colour. It 
is of interest to note that the connective tissues lining the lobes of the testis show 
granular PAS-positive materials stained red. 

The young spermatid shows red colour in a large circular body in contact 
with the nuclear membrane close to the mitochondrial nebenkern which is PAS- 
negative (PL L fig. 2). This corresponds to that portion of the acroblast which 
remains lightly coloured with Mann-Kopsch or F. W. A.-* -haematoxylin (PL 1, 
fig. 11), iNo portion corresponding to the horse-shoe shaped shell of the acroblast 
ofF. W. A. — hacmatexylin preparation is visibly stained with this technique. 
By the time the nebenkern assumes the onion- pattern the red coloured substance 
of the acroblast begins to migrate to the anterior end of the nucleus, opposite the 
nebenkern (PL 1, figs. 3 & 4). 

Eventually a granule of a deeper red colour appears within the red acroblast 
in contact with the nuclear membrane (PL 1, figs. 3 & 4). No vacuole corres- 
ponding to the acrosomal vesicle ot F. W. A, preparations (PL 1, fig. 12) is visible 
in this preparation. As the divided halves of the nebenkern elongate further, the 
red acroblast with the deep red granule migrates to the posterior end of the 
nucleus close to the attachment of the nebenkern halves (PL 1, figs. 5 & b)* There 
it remains for a time during which the red coloured granule increases in size and 
staining intensity and forms the circular acrosome. I’he rest ot the acroblast 
remains applied to it as a light coloured hemispherical cap (PL 1, fig. 7). What 
happens to the acroblast later on could not be observed, but as the nucleus of 
the sperm elongates, the acrosome becomes applied to its lateral side and also 
elongates with a deep red granule at its anterior tip (PL 1, fig. 8). The nucleus 
elongates further and the acrosome also enlongates extending beyond the nuclear 
tip in a fine needle-like process (Pi. 1, fig. 9). 

No further differentiation between the elongating nucleus and the acrosome 
could be observed, as both became extremely thin. 

[B) Cytochemical observations 

Various reagents were employed to test further the chemical nature of the 
PAS reactive substances and the results are recorded in Table I. 


[ 376 ] 




[ 377 ] 




<U (U 

w- CG 


"I- 0+0 


+ + + i 
+ + + + 1 


O o ^ o 


0 0*^0 


O ^ w 
C« ^ 5 C 

^Ou 

d <u Ph 
O 50 J-. PQ 
OJ ^ ,P -XT' 


TJ ^ d N ^ 

>>. -2 50 ;ts 5 

p d O 

.9 ^ iS 3 

Z ^ c/a 03 c/3 


to (£> 00 



t 378 ] 



EXPLANATION OF DIAGRAMS 
MAGNIFICATION 

All tlie diagrams were drawn with a Camera Lucida at table level using 12*5X eye piece 
and iOOX oil immersion objective. 


ABBREVIATIONS 

Ag Acrosome ; Ac, Acroblast ; Ag, Acrosomlc sranule ; Av, Accosomic vesicle ; Bg, Black 
granules ; Ds, Diffused black stain ; Gb, Golgi body ; Mn, Mitochondrial nebeukern ; 
N, Nucleus ; PI, Plate ; Fig,, Figure 


PLATE 1 

FigSi 1-9. L. S* of the male germ cells of Lygius hoiPes^ 6xed in cold carnoy and stained with 
PAS procedure, counterstained with methyl green or fast green. 

Fig. 1 . Spermatocyte showing the red coloured internum of the Golgi bodies. 

Fig. 2. Young spermatid showing the red acroblast with the deep red acrosomic granule 
in the angle of the nucleus and the nebenkern. 

Fig. 3. SpermatM showing the movement of acroblast towards the anterior end of the nucleus. 
The nebenkern assumes the onion pattern. 

Fig. 4. Spermatid with the acroblast and the acrosomic granule at the anterior end of the 
nucleus 

Figs. 5 & 6. Spermatids with the posteriorly migrated acroblast, the acrosomic granules 
enlarging. 

Fig. 7. Spermatid with the red circular acrosome to which is attached the faintly coloured 
acroblast. 

Figt. 8 & 9. Successive stages in the elongation of the nuclei of the sperms along with the 
elongation of the acrosomes. 

Fig. 10. Section of the spermatocyte, 6xed in Ludford’s modification of Mann-Kopsch show- 
ing duplex structure of Golgi bodies. 

Fig. 11. Young spermatid showing the acroblast in the angle of the nucleus and the nebenkern 
* F.W.A.-Iron haematoxylin. 

Fig. 12. Spermatid with the acroblast at the anterior end of the nucleus showing the acro- 
somic granule and the onion- pattern of ti e nebenkern-F W.A.-Iron haematoxylin. 


PLATE 2 


Fig. 13. Spermatocyte showing diflFused stain round the ““^leus with a number of Wack 
^ ® granules ant spheres— Formal calcium frozen sections, Sudan Black B in 70/' alconol. 

Figs. 14 & 15. Spermatids showing the black colour in the shell of the acroblast and in the 
nebenkern Fca-Sudan Black B. 


Fig 16. Spermatocyte showing the blue colour in the externum of the Golgi bodies-Carnoy- 

Hg/BPB. 

Fig. 17. Spermatid showing the blue colour in the elongated nebenkern halves and in the 
shell of the acroblast-Carnoy-Hg/BPB. 
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Discussion 

The observations on the male germ cells with the PAS technique and subs- 
equent tests reveal that the Golgi internum, the acroblast, the acrosomic granule 
and the acrosome contain a non-sulphated neutral mucopolysaccharide and lend 
support to the findings of Schrader and Leuchtenberger (1951), Bawa (1960), 
Gupta et al. (1960). The externum of the Golgi bodies or the shell of the acroblast 
did not respond to the PAS test as shown by Gupta et al. (I960) in Dysdercus and 
Laccotrephes and by Bawa (1960) in Thermobia. The acroblast internum did not 
show any spherules or rods by PAS or even in Sudan Black B or Mercuric 
bromophenol blue preparations as reported by Gupta et al. in Dysdercus (1960). 

Since Gersh (1949) in somatic cells, Schrader and Leuchtenberger (1951) in 
male germ cells, and Gupta et al. (1960) in Dysdercus spermatogenesis have demons- 
trated the presence of protein also in the Golgi bodies, the male germ cells of 
Lygaeus were also subjected to Millon’s test, ninhydrin test, Mercuric-bromophenol 
blue test. In all these tests the acrosome and in the Mercuric bromophenol 
blue test the Golgi externum also gave a positive reaction indicating the presence 
of some or the other component of protein. 

As far as mitochondria were concerned it was found that they are devoid 
of any form of polysaccharide contrary to the findings of Bawa (1960) who has 
shown its presence in the nebenkern. The mitochondria are found to be rich in 
protein as reported earlier by several workers. 
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the atithor^s observations with Sudan Black lend suppoirt to tbe faCt that 
the mitochondria and a part at least of the Golgi bodies consist of some form of 
lipoid. 

Con cits sion 

It is, therefore, apparent that the Golgi bo lies belong to. a category of 
cytoplasmic inclusions different from that of the mitochondria. 

Smaamary 

A neutral, nonsulpha ted mucopolysaccharide was detected in the Golgi 
internum of the primary spermatocytes and also in the acroblasts and the aero* 
somes of the early and late spermatids respectively. The PAS reactive substance 
of the acrosome showed the presence of protein also, so firmly united with it that 
a pepsin solution of the strength 1% was unable to split them. The PAS reaction 
was negative in the mitochondria of the spermatocytes and in the nebenkern of 
the spermatid. The protein found in the mitochondria and in the nepenkern 
was in a higher concentration than that founid in the acrosome and was easily 
digested with the pepsin solution employed. No lipid was detected in the Golgi 
internum and in the acrosome, but the Golgi externum, the shell of the acroblast 
and the mitochondria and the nebenkern showed the presence of lipid. 

Hence these two categories of the cytoplasmic inclusions of the developing 
male germ cells, namely, the Golgi bodies and the mitochondia arc cytochemically 
different. 
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tJ'TiLIZATIOI't OF POLYSACCHARIDES BY SOME 
ANTHRACNOSE FUNGI* 

By 

A. K. GHOSH and R. N. TANDON 
Botany Department^ University of Allahabad^ Allahabad^ India 
[Received on 28th April, 1966] 

Polysaccharides occur in higher plants in many forms and hence they play 
important role in the nutrition of pathogenic fungi. Cellulose and other ‘struc- 
tural’ polysaccharides have usually been found to be useless for the nutrition of 
pathogenic fungi. ‘Reserve’ polysaccharides are usually available to most of 
these pathogens, although the rate with which they are utilized depends greatly 
on the nature and the structural configuration of these carbohydrates as well as 
on the organism concerned. A number of investigations have been undertaken 
by various workers to assess the value of these carbohydrates in the carbon nutri- 
tion of fungi, but detailed studies on the pathway of utilization of these carbohy- 
drates by fungi have started only recently. In this field some useful contributions 
have been made by Tandon and Bilgrami (1959) ; Kumar (1961) ; Bilgrami (1962) 
and Agnihotri (1962, 1963) ; but so far no study oi this kind has been undertaken 
with the anthracnose fungi responsible for the decay of common fruits. In the 
present investigation, therefore, the rate of utilization of some common polysac- 
charides by four anthracnose fungi has been ascertained. Simultaneously, an 
attempt has also been made to trace the pathway of utilization of these carbohy* 
drates by such organisms. 

Materials and Methods 

Single- spore cultures of Colletotrichum gloeosporioides Penz., Colletotrichum 
papayae P. Henn., Gloeosporium psidii Delacr. and Gloeosporium musarum Cooke et 
Mass, isolated from diseased fruits of mango {Mangifera indica L.), papaya {Carica 
papaya L.), guava {Psidium guajava L.) and banana [Musa paradisiaca L.) respectively, 
were employed. The basal medium consisted of KNOg, 3*5g ; KH2PO4, l-75g ; 
MgSO^. 7HaO, 0*75g ; and distilled water, 1000 ml. lo this medium lOg of each 
polysaccharide was added singly. .Four polysaccharides, viz., starch (soluble), 
dextrin, glycogen and inulin, were used. Pure chemicals supplied by £. Merck 
and British Drug House were used throughout the investigation. On the basis 
of previous experimentation the initial pH of the medium was adjusted to 5*8 in 
all cases. 25 ml of the medium was apportioned in each of the 150 ml Pyrex 
Erlenmeyer flasks. The media contained in these flasks were then subjected to 
fractional sterilization. This was accomplished by subjecting the flasks to 30 
minutes of steaming for three consecutive days. The flasks were then inoculated 
with mycelial bits of approximately equal size from ten day old cultures of the 
respective organisms and were incubated at 25^l°G. For the detection of the 
hydrolytic products each day 0*01 ml of the medium from a flask belonging to a 
particular set was analysed by the circular paper chromatographic technique 

^This research has been financed in part by a grant made by the United States Department 
of Agriculture, Agricultural Research Service under P. L. 480. 
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jbecommended by Ranjan ei al. (1955). The running solvent was n-butanol- 
acetic acid-water (4:1: 5, upper phase) and the spray reagent used was aniline- 
diphenylaraine phosphate (5 vols. 4% aniline, 5 vols. 4% diphenylaroine and 
1 vol. orthophosphoric acid ; Buchan and Savage, 1952). Reference spots of 
known sugars were simultaneously run in the same chromatogram to facilitate 
identification. After spraying the bands of sugars were developed by heating 
the chromatograms in an electrical oven at 110®G for 90 seconds. Iodine reagent 
was used for the detection of starch, dextrin and glycogen in the culture raedium. 
This reagent was prepared in the following way : 200 mg of iodine and 400 mg 
of KI were dissolved in 50 ml of 50% ethyl alcohol and subsequently the final 
volume was raised to 100 ml by adding distilled water. 2 ml of the culture 
filtrate was poured in a test tube 1 cm in diameter and to this 1 ml of iodine 
reagent was added. For a blank comparision 2 ml of distilled water was taken 
in another similar tube and 1 ml of iodine reagent was added to this. When the 
colour of the solution in the first tube was noticeably darker than that of the 
solution in the second tube the presence of polysaccharide was indicated. For the 
detection of inulin duplicate chromatograms were run in the above solvent. 
Then the area of paper chromatogram in which the spot of the culture filtrate 
was originally kept (start) was cut as circular disc 1 cm in diameter. Each of 
such discs was boiled for 5 minutes in 1 ml of distilled water. The paper piece 
was then removed and 1 ml of 2 N HCl was added. This solution was autoclav- 
ed at 20 lbs pressure for 30 minutes, evaporated to dryness on a water bath and 
subsequently the volume was made upto 0*5 ml by adding distilled water. I he 
whole quantity of this solution was spotted on a chromatogram which was run and 
developed as usual. Appearance of fructose on this chromatogram indicated the 
presence of inulin. 

Simultaneously, in each case the mycelial mats were harvested after 5, 10 
and 15 days of incubation. Previously dried and weighed Whatman No. 42 filter 
papers were used for this purpose. They were dried to constant weight in an 
electrical oven at 60-62°G and weighed again after cooling. The average dry 
weight of the mycelium was taken as the criterion for growth. The pH of the 
medium was also recorded after the same intervals with the help of B. D. H. pH 
indicator papers. All the experiments were conducted in triplicates. 

Results 

Utilization of starch : It was observed that starch was readily hydrolysed by 
all the anthracnose fungi under study. The hydrolytic product glucose was 
detected in the medium during the utilization of this polysaccharide. Maltose 
also made its appearance in the medium used by Gloeosporiutn musatutn and 
Colletotrichum papayae* In case of the last named organism an additional oligosac- 
charide (Rf. 0*18) could also be detected. The hydrolytic products were used 
up by all these fungi, except G. musarum,hdoTe the end of the experiment (15 days). 
In case of G. musarum a small quantity of glucose (as evidenced by the intensity 
of the band on the chromatogram) could be traced at the end of 15 days of 
incubation. Starch supported good growth of all these organisms. A steady 
increase in the mycelial dry weight of these fungi was recorded. The pH of the 
medium showed a gradual upward drift finally reaching neutrality or slight 
alkalinity. ^ 

Utilization of dextrin : Dextrin was hydrolysed by all the anthracnose fungi 
included in the present study. Glucose appeared after 7 and 6 days of incubation 



10 the rued lu £11 used by Colletotrichum gloeosporioides and Gloeosporium psHii respec- 
of these two organisms no other hydrolytic product could 
be detected. G. papayae and G, musatum showed the appearance of maltose 
and one more oligosaccharide (Rf. 0*18) in the culture medium. The dry weight 
of mycelium showed a gradual increase in all cases. The pH drift was towards 
neutrality or slight alkalinity. 

Utilization of glycogen : Out of the four anthracnose fungi only C. gloeospo^ 
ftoides was unable to utilize glycogen satisfactorily. Glucose was detected in the 
medium during the growth of C. papayae, G. psidii and G. musarum. These three 
organisms completely hydrolysed glycogen before the end of the incubation period 
of 15 days. In case of C. gloeosporioides glycogen persisted in the culture medium 
till the end of the experimental period (15 days) and no glucose could be traced 
at any stage of incubation. Growth attainment of the last named fungus was also 
very poor, whereas the growth was fairly good for the rest of the organisms. The 
pH of the medium showed a gradual increase as the incubation progressed. This 
drift was comparatively slower in the medium during the growth of C. gloeos* 
porioides and the final pH recorded was 6*2. In case of the other fungi the final 
pH of the medium ranged from 7*2 to 7*6. 

U tilizaiion of inulin : C, papayae G. psidii utilized inulin poorly. Inulin 
persisted in the culture medium used by both these fungi till the end of the 
experiment and no hydrolytic product could be detected. The mycelial dry 
weights recorded were also quite poor as compared to those obtained on other 
polysaccharides. C. gloeosporioides made a better utilization of inulin. In that 
case this polysaccharide persisted in the medium upto 14 days. Fructose and 
one oligosaccharide (Rf 0*35) appeared in the culture medium. G. musarum could 
not bring about complete hydrolysis of inulin within the incubation period of 15 
days. The quantity of residual inulin was, however, small. Fructose and two 
oligosaccharides (Rf 0*35 and 0*20) appeared in the culture medium during the 
utilization of inulin by G. musarum. The pH of the medium used by all these 
four fungi showed a gradual rise, but this drift was comparatively slow. 

The details of the results obtained have been summarized in Tables 1 and 2. 

TABLE I 

The presence {in days) of various carbohydrates in the culture medium during the 
utilization of different polysaccharides by the four anthracnose fungi 


Carbohydrate Rf C. gloeosporioides C. papayae G. psidii G. musarum 


S I ARCH 

Glucose 0*47 4-14 

Maltose 0*26 

Oligosaccharide 0*18 - 


0-10 

0-13 

0-13 

2-12 

4-14 

4-15 

6-9 

- 

9-11 

6-8 

- 

- 


DEXTRIN 

Glucose 0*47 7-15 

Maltose 0*26 

Oligosaccharide 0*18 


0-12 

0-14 

0-15 

2-12 

6-14 

2-15 

3-6 


3-12 

3-4 

- 

4-10 
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Carbohydrate 

Rf 

C, gloeosporioides 

C. papayae 

G, psidii 

G. rnusarum 

GLYCOGEN 



15 

0-11 


0-l<' 

0-13 

Glucose 

0-47 

- 


4-11 


5- 9 

4-14 

INULIN 


0- 

14 

0-15 


0-15 

0-15 

Fructose 

0-51 

3- 

-14 



- 

2-15 

Oligosaccharid 

e I 0-35 

3- 

-6 

- 


- 

3-6 

Oligosaccharide II 0*20 


- 



— 

3—4 




TABLE 2 




The dry weights of mycelium and pH of the culture medium of the four 
fungi during their growth on different polysaccharides 

anthracnose 

Polysac- 

charide 

tion 

C, gloeosporioides 

Dry wt. 
in mg ^ 

C. papayae 

Drywt. J.J 

m mg ^ 

G. psidii 

Drywt. 
in rog * 

61 rnusarum 

Dry wt. , 1 

inmg 

STARCH 5 

19-7 

5-8 

30-9 

5-9 

23-5 

5-8 

12-8 5-8 

10 

59-3 

6-0 

78-3 

6-4 

87-5 

6-2 

44-2 6-0 

15 

85-1 

7*0 

91-9 

7-3 

108'7 

7-1 

71-3 7-0 

DEXTRIN 5 

16-3 

5-8 

30-0 

5-9 

18'7 

5-8 

16-0 5-8 

10 

56-1 

61 

85-{) 

6*5 

75-3 

6-0 

48-0 GO 

15 

80-9 

7-1 

95-6 

7-4 

102-0 

7-1 

70-5 7-1 

GLYCOGEN 5 

5-0 

5-8 

33-8 

5-9 

35-6 

5-9 

19-8 5-8 

10 

15-9 

5-9 

64-0 

6-2 

88 7 

6*1 

49-6 6-1 

15 

20-7 

6-2 

83-4 

7-6 

109 .5 

7-4 

64-6 7-2 

TNULTN 5 

10-7 

5-8 

6-7 

5'8 

5-8 

5-8 

71 5-8 

10 

49-0 

60 

33-3 

5-9 

25-1 

5-9 

25-6 5-9 

15 

61-9 

6-9 

44'4 

6-2 

32-5 

6-1 

53-1 6-2 


Discussions and Conclusions 


Polysaccharides are complex carbohydrates containing a large number of 
monosaccharide residues. The ability of an organism to utilize a polysaccharide 
depends upon Its capacity to convert these complex carbohydrates into soluble 
sugars of low molecular weight. The efficiency with which fungi utilize polysac 
charides, therefore, depends upon their capability of producing suitable hydrolytic 
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Starch 3 the universal reserve carbohydrate of green plants, Is composed of 
glucose residues joined through a-glycosidic linkages. The enzymatic hydrolysis 
of starch may be expressed schematically as follows : 

Starch dextrin maltose D-glucose. 

Two enzyme systems arc operative in bringing about the completion of 
this conversion : (1) amylases (diastases) which act upon starch resulting in the 
liberation of maltose and (2) of-glycosidases which convert maltose into glucose. 
In the present study the appearance of glucose in the culture medium during the 
utilization of starch is an evidence that this polysaccharide was utilized through 
a hydrolytic pathway. Non-appearance of maltose in cases of Colletotrichum 
gloeosporioides and Gloeosporium psidii was apparently due to slower rate of libera- 
tion and at the same time rapid rate of breakdown of this sugar. Tandon and 
Bilgrami (1959) demonstrated the formation of glucose, maltose and two other 
oligosaccharides during the utilization of starch by two species of Phyllosticta. 
Later on Agnihotri (1963) working with four species of Aspergillus also obtained 
similar results. Ghosh (1964) reported that the isolates of Colletotrichum gloeospo^ 
rioides and C. dematium studied by him did not show the formation of maltose in 
the culture medium during the utilization of starch, although glucose made its 
appearance in all cases. The isolate of C. gloeosporioides included in the present 
investigation also exhibited similar behaviour. The isolate of C. gloeosporioides 
studied by Prasad (1965) showed an early appearance of maltose in the culture 
medium and in this respect it differed from the present isolate. 

Dextrin, a product of partial hydrolysis of starch, is also acted upon by 
amylase. Unlike starch which is hydrolysed by both a and p amylases, dextrin 
is attacked only by a amylase on account of the presence of Gi— ‘Cg linkages. 
The results of the present investigation show that ihe utilization of dextrin by the 
four anthracnose fungi closely resembled that of starch. The only major differ- 
ence was the appearance of one more oligosaccharide in the medium used by 
Gloeosporium. musarum. Agnihotri (1962, 1963) has also observed that the pathway 
of utilization of dextrin by some species of Aspergillus resembled that of starch. 

Glycogen, a polymer of glucose, occurs as reserved carbohydrate in animal 
tissues and in some fungi. This polysaccharide is also hydrolysed by amylase. 
In the present study glucose could be traced in the medium during the utilization 
of glycogen by all these anthracnose fungi, except Colletotrichum gloeosporioides. No 
other intermediate product could be detected in any case. The species of 
Aspergillus studied bv Agnihotri (1963), however, showed the appearance of glu- 
cose and one to two oligosaccharides. 

Inulin, a fructose containing polysaccharide, occurs in some higher plants. 
It is believed that inulin consists of a sucrose unit linked with a large number 
of fructose residues. It is, therefore, expected that inulin would yield fructose 
and a small quantity of glucose on complete hydrolysis. The results obtained 
by Agnihotri (1963) indicated that during the utilization of inulin by four species 
of Aspergillus no glucose could be traced in any case, but fructose and as many 
as seven oligosaccharides made their appearance in the culture medium, in the 
present investigation also glucose could not be detected, although the presence 
of fructose and oligosaccharide in the culture medium used by Colletotrichum 
gloeosporioides and Gloeosporium musarum indicated that hydrolysis of inulin took 
place. This is not unexpected when due consideration is given to the facts that 
the rate of hydrolysis of inulin was slow and the quantity of glucose present in 
inulin was proportionately very small. Poor growth of Colletotnchum papayae 
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z.nA Gheospotmm psidii on inulin and non*appearance of any of the hydrolytic 
products in the culture medium was probably due to the inability of these organ* 
isms to produce an adequate amount of inulase. 

It could be concluded from the present studies that the four anthracnose 
fungi converted these complex carbohydrates to simpler sugars prior to utilissa** 
tion. Only during the nnlizs^tion o\ glycogtn hy Colhiotrichum gloeospofioides md 
inulin by 6\ papayas and Gloeosporium psidii no hydrolytic product was detected ; 
but in those cases also the growth rate was slow and it was not unlikely that there 
was slow hydrolysis and simultaneous utilization of the hydrolytic products. The 
poor rate of utilization of these polysaccharides was obviously due to poor amylase 
or inulase activity. This view is supported by the results of some previous 
investigations employing the present organisms (Ghosh et aL, 1965 ; 5ingh et aL^ 
1965) which indicated that the end products of hydrolysis of these polysaccharides, 

glucose and fructose, or the intermediate product maltose were readily 
utilized. It can be pointed out that in some cases growth appeared on these 
polysaccharides before any hydrolytic product appeared in the culture medium. 
This also appears to be due to simultaneous utilization of the hydrolytic products, 
since direct utilization of these complex carbohydrates was improbable on account 
of their high molecular weights. 

Sumiiiary 

Utilization of four polysaccharides, viz.^ starch, dextrin, glycogen and inulin, 
by Colletotrichum gloeosporioides, C. papayas^ Gloeosporimn pndii and G. musarutn isolated 
irom diseased fruits of mango, papaya, guava and banana respectively, was 
studied chromatographically. Starch was completely hydrolysed by all these 
organisms within the incubation period (15 days). During the utilization of 
starch and dextrin, glucose appeared in the medium in all cases, whereas another 
hydrolytic product, maltose, could only be detected in the culture medium used by 
C, papayas and G. musarum. One more oligosaccharide (Rf ()T8) made its appear* 
ance in course of utilization of dextrin by the two last named organisms- This 
oligosaccharide could also be traced in the medium ot CL papayas during its growth 
on starch. Good growth of all these organisms was obtained on starch and 
dextrin. Glucose appeared in the medium during the utilizatimr ot glycogen by 
all these fungi, except C. glososporioides. The growth of the last named organism 
on glycogen was also poor. C. papayas and G. psidii made a poor growth on inulin 
and none of the hydrolytic products could be detected. Fair utilization of inulin 
by C. gloeosporioides and G. musarum was observed. Fructose and one oligosaccha- 
ride (Rf 0'35) appeared in the medium in case of the first organism, while in the 
medium of the last named fungus in addition to fructose and this oligosaccharide 
(Rf 0*35) a second oligosaccharide (Rf 0*20) could also be detected. In all cases 
the^ mycelial dry weight showed an increase upto the end of the incubation 
period of 15 days. In most of the cases the pH of the medium recorded an 
upward drift, and finally reached neutrality or slight alkalinity. 
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ON AN ECHINOStOME GERGARIA CERCARlA MAlA’PUREMStS, 
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Cercaria maiepisrensis, n.sp. 

Out of 12 specimens of the snail, Endoplcnofbis exusius, collected from a tank 
in district Mainpuri, U,P. five were found liberating an echinostome cercaria 
which is described below as a new species. 

The cercariae emerge from snail host during morning. They swim by the 
wriggling movements of their tails. While swimming, they pause ofl, to the 

bottom of the container, and crawl awhile and then again swim up. Ihcy are 
positively phototropic as they are found to crawl towards the source of illumina- 
tion. 

Body (fig. 1) large, aspinose, elongate-oval with a slightly narrow and blunt 
anterior end and a broad, round posterior end, measuring 0*25 - 0*32 X 0*12 — 0*15 
mm. in live specimens while 0*19 — 0*23 X 0*07 — 0*09 mm. in fixed specimens, fail 
is aspinose with an invaginable caudal process at its tip. It is larger than the 
body and measures 0*30 ^ 0*39 mm. in length in live and 0*32 - 0*40 mm. in length 
in fixed specimens. Dorsal fin fold is present roughly at the last quarter of the 
tail and extends up to the middle of the caudal process. Ventral fiin fold is, 
however, absent. A large number of round unclci approxim uely 63 in number, 
are found in the tail parenchyma. 

Oral sucker terminal in position and circular in outline, measures 0*()3 
X 0*03 ram. in live and 0*03 X 0*03 mm. in fixed specimens. Ventral sucker 
larger than the oral sucker, situated in the posterior half of the body and measures 
0*04 - 0*05 mm. in diameter in live and 0*05 X 0*05 mm. in fixed specimens.. 
Cephalic collar (fig. 2) is prominent and armed with 48 spines, seems to be 
arranged in single row. The four spines of the end group are larger than the 
remaining spines. Two closely just opposed masses of spherical granules are 
present at the entrance of prepharynx which is short measuring 0*03 - 0*04 mm. 
in length. Pharynx is globular or oval and measures 0*04 - 0*07 x 0*03 - 0*04 
mm. Oesophagus is quite long and measures 0*07 — 0*08 mm. in length. It 
bifurcates, a short distance in front of the ventral sucker into intestinal caeca 
which extends almost upto the posterior end of the body. 

Three pairs of lobate penetration glands (fig. 1) are present, one behind the 
other, at the sides of the oesophagus ; each gland contains a nucleus and fine 
granules which stain light with neutral red and nile blue. Fine ductules of these 
glands of each side run together anteriorly and open outside by separate pores 
close to the anterior border of the oral sucker. Cystogenus gland cells are present 
in the whole body. They contain bacilli-form bodies arranged in a parallel way 
in each cell. A mass of gland cell is present at the origin of the tail. 
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Fig. 1. Ctfrcflfta n.sp, (drawn from a live specimen). r » 

Fig, 2. Cercaria mainpunnns n.sp. Head collar showing spines (drawn from a live specimen). 
Fig. 3. Cercaria mainpurensis n.sp. Rcdia with cercaria (drawn from a live specimen). 


The gonads (fig. 1) are represented by two round masses of cells present 
one at the anterior and the other at the posterior border of the ventral sucker. 

The excretory system (fig. 1) is of echinostome type. The 
is a transversely elongated structure located at the hind end of the bo y. 

excretory ducts join to form a small chamber {called secondary chamber y som 
workers) which open into the antetio, side of the (SsS 

a constriction between the two. Each excretory duct runs y 

ing limp upto the level of the oral sucker, where it forms 

roughly upto the middle region of the body, where the duct . Uranch 

nor branch called secondary ascending collecting tubule ^“4 ^ P^^la^ed as it 
called a secondary descending tubule. The ascending tubule is much dilated as 
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Contains glot)ular refractile granules ot dijflerent si^es, numbering 6 or 7- The mtt- 
rior collecting tubule is connected with the capillaries of 3 Haine cells and it has 
a tertiary branch, which receives capillary tubules of 3 flame cells. Similarly the 
posterior collecting tubule terminates in the capillaries of 3 flame cells and it 
receives two tertiary branches each connected with the capillaries of 3 flame cells. 
Thus the flame cells are arranged in triples and the flames cell formula is 2 (3+3) 
+ 2 (iS+3+3), A caudal excretory canal extends into the tail from the posterior 
side of the excretory vesicle and runs upto the base of the caudal process. A pair 
of lateral tubules arise from the caudal excretory tubule about one-^third of its 
length inclusive of the caudal process. These tubules run outwards and back- 
wards to open outside by pores located 0*01 mm. from the base of the tail. 

On crushing the infected snails rediae were recovered from the digestive 
gland. The young rediae are large, elongated and golden yclluw. These rediae 
perform movements of contraction and expansion. The collar is present about 
0*3 - 0’9 mm. from the anterior end of the body and behind it the birth pore is 
present on one side. Towards the posterior end of the body, about 0‘S - 0*7 in 
front of the hind end, are present two short ambulatory processes. Mouth terminal 
and leads into a muscular pharynx measuring 0*05 - 0*08 mm, X 0*03 - 0 04 mm. 
Pharynx is followed by a fairly long rhabdocoelgut which extends behind to a point 
about 0*06- 0T7 mm. in front of the ambulatory processes. The gut in the older 
rediae appears short and contains blackish material but in young developing 
rediae (fig. 3), it appears quite long. Few well-developed cercariae, 1-4 in number, 
are present in each rediae besides others which arc in various developmental 
stages. Several germ cells and germ balls are also found in the rediae. 

Encysted matacercariae were also obtained from the digestive gland and the 
mantle of the snail host. The cyst are round to oval transparent and double 
walled. 

Discussion 

The cercaria belongs to “Echinaioides” group of Sewell (1922). Of all the 
cercariae described under this group, it closely resembles G. miri Peter, 1955 from 
which it can be distinguished by ratio of its oral and ventral suckers, by its 
lobate penetration glands, by the presence of caudal mass of glands, and by the 
number of collar spines. 

The cercaria is, therefore, considered to be a new species. 

Ack&owled gements 

The writer is thankful to Dr. S. G. Baugh, Department of Zoology for the 
pidance and to Profesor M. B. Lai, F.N.I., Plead, Zoology Department, for the 
laboratory tacilities. Thanks are also due to Government of India, for award of 
a Research Training Scholarship. 

References 

Peter, (T T. Studies on the cercarial fauna in Madras, 11. A new species 
of Echinostome cercaria. Indian J, Vet, Scu 25 : 219-224, 1955. 

*SeweU,^R. B.^S^ Cercariae indicae. Indian J. Med. Res., 10 (Supplement) • 

’’Not consulted in original. 


[ 392 ] 
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Mango, banana and guava are among the commonest tropical fruits widely 
grown in India. Consequently, the losses incurred by them as a result of 
fungal decay at various stages of development and storage are of much concern. 
A large number of fungi have been recorded to be associated with the diseased 
tissue of these fruits, but comparatively few of them have been shown to be 
pathogens of significance. Wardlaw (1935) has mentioned that the extent of loss 
sustained by banana fruits due to fungal invasion in different countries varies 
considerably. He has also pointed out that the temperature conditions play a 
prominent role in determining the type of decay which becomes predominant 
in storage. Srivastava et al. (1965) observed that the percentage of mango fruits 
infected with three common pathogens, viz., Aspergillus niger, Colletotrichum gloe- 
osporioides and Botryodiplodia theobromae, showed great variation at different 
localities in India. An extensive survey of markets and storage places situated in 
different Slates of India undertaken by the present authors has revealed that the 
magnitude of loss suffered by the fruits of mango, banana and guava due to infec- 
tion caused by various pathogenic fungi showed great variation. It appears that 
environmental factors— mainly temperature— were greatly responsible for such 
variations. In order to gain a proper understanding of the role of temperature 
on the advancement of fungal decay of fruits in nature it is necessary to artifici- 
ally infect fruits and make observation under controlled conditions. In the 
present study representative varieties of mango, banana and guava fruits were 
Ltificially inoculated with their respective pathogens. Subsequently, they were 
stored at different temperatures and the amount of rot produced after a definite 
interval was determined. 


Materials and Methods 

Under-ripe fruits of ‘Langra’ variety of mango {Mangifera indica L.), ‘HarkhaF 
variety of banana (Musa paradisiaca L.) and ‘Safeda variety of guava (Psidium 
guajaoa L.) were employed. The following pathogens were used for inoculating 
these fruits : Colletotrichum gloeosporioides Penz., Botryodiplodia theobromae and 
Aspergillus niger wan Tiegh. for mango; Gloeosporium musarum Cooke tt Mass, and 
Botryodiplodia theobromae Pat. for banana ; and TestaloHa pstdtt Bat., Bouyodtplodta 
theobromae Pat., Gloeosporium psidii Delacr. and Phoma psidit P. Henn. tor 
guava. Pure single-spofe cultures of these fungi isolated from their respective 
hosts were employed. Each individual fruit was weighed and 
recorded. The fruits were then inoculated with their respective pathogens u.ing 
Granger and Horne’s (1924) method. Subsequently, each fruit was put inside a 
polyethylene bag and stored at the desired temperature. 


*Thi3 research has been 6nanced in part by a grant made by the United States Departmenl 
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At the end of each incubation period the percentage rot due to each 
pathogen was calculated. For this, each fruit was reweighed after removing the 
mtten portion carefully and the percentage rot was calculated with the help of 

the formula : 

{W -w) X 100 


Percentaee rot 


where, W = weight of the fruit before infection 

and w = weight of the fruit after removal of tlic infected tissue* 

In case of mango the weight of the seed was deducted from the initial 
weight as well as the final weight obtained after the removal of the diseased 
tissue and then the percentage rot was calculated. In control fruits there was 
no noticeable decrease due to loss of water at 10-2(y^O. At higher temperatures 
this decrease was marked. In storage experiments at higher temperatures, there- 
fore, the percentage of the loss due to desiccation was estimated in each case and 
on this basis adjustments were made while calculating the percentage rot* Each 
reading was recorded on the basis of 25 replicates. 


Observations 

Fruits of mango inoculated with the three pathogens did not show any 
infection at KfC even after they had been stored for 15 days* There was no 
rot when fruits inoculated with ColUtotrichurn gloeospor hides and Aspergillus niget 
were incubated at 15®G lor 10 days, but some decay was observed after 15 days. 
In order to find out whether exposure to lower temperature increased susceptibn 
lity or resistance of fruits in relation to fungal infection, inoculated fruits were 
kept at lower temperatures for 10 days. Subsecpiently, they were brought back 
to room temperature and advancement of disease after 5 days was recorded* It 
was observed that an exposure to HyKJ for 10 days rcsidted in an enhancement 
of the rate of decay caused by C. glocosporioidcs and A» niger when the fruits were 
brought back to room temperature. In all cases the rate of advancement of the 
rot caused by Botryodiplodia theobromae was markedly higher as compared to the 
decay due to C, gloeospotioides or A, niger. The details ol the results obtained 
have been summarized in Table 1. 

TABLE 1 

Percentage rot of ^Langra* variety of mango fruits inoculated with three 
common pathogens in storage at different temperatures 

Temperature in 

Pathogen Days of incubation — 

10 15 20 25 33:1::2 (Room temp.) 


ColUtotrichurn 

10 

nil 

nil 

8-8 

12-7 

18-9 

gloeosporioides 

15 

nil 

4-8 

22-9 

40-1 

69-0 

15 

12*8 

8-0 

31-0 

_ 

— 

(Brought 

to room 






temp, after 10 days) 






Botryodiplodia 

10 

nil 

6-5 

15-1 

25-4 

50-3 

theobromae 

15 

nil 

14-8 

33-0 

49-8 

100 


15 

13-0 

32-1 

58-9 

- 



(Brought to room 
temp, after 10 days) 
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Pathogen 

of inmK?itinn — 



Temperature in °G 


10 

15 

20 

25 

33d:2 (Room temp.) 

Aspergillus 

10 

nil 

nil 

6-3 

10'5 

29-3 

niger 

15 

nil 

5-2 

19-6 

34-7 

87-2 


15 

15-9 

16-3 

40-0 

- 

- 


(Brought to room 







temp, after 10 days) 







Banana fruits were inoculated with Gloeosporium musarurn and Botryodiploiia 
theobromae and stored at different temperatures. The percentage rot calculated 
after 4 and 8 days of incubation revealed that the latter organism caused 
greater loss. At 10°G there was no rot in any case. When the fruits were 
brought back to room temperature after an exposure to 10°G for 4 days the disease 
appeared and the progress of the rot caused by B. theobromae was more or less 
similar to usual rot at that temperature. In case of G. musarum there was slight 
retardation in this rate. At IS'^G there was no rot upto 4 days of incubation, 
but after 8 days a small amount of rot was observed. At 20^G the rot appeared 
early although the rate of advancement was slow. Fruits infected with B. 
theobromae showed very high percentage rot after 8 days of incubation at 25®G and 
fruits stored for the same period at SO'^G and 35^0 sustained complete decay. 
After 8 days of incubation percentage rot due to G. musarum at room temperature 
(2!5i;2°G) was much smaller as compared to that at 30^G or 35 G. The details of 
the results obtained have been summarized in Table 2. 

TABLE 2 

Percentage rot of ^HarichaV variety of banana fruits inoculated with two 
common pathogens in storage at different temperatures 


Temperature in <^G 


Pathogen Days of incubation 

10 

15 

20 

25 ±2 (Room temp.) 

30 

35 

Gloeosporium ^ 

musarum 3 

8 

nil 

nil 

8-0 

nil 

3-8 

12-8 

10-1 

27-7 

32-5 

14-2 

39-6 

26-3 

74-8 

30*2 

80*3 

(Brought to room 
temp, after 4 days) 







Botryodiplodia 4 

theobromae 8 

8 

nil 

nil 

22-2 

nil 

9-2 

25-0 

16-4 

48-8 

72-6 

24-9 

88-8 

39-7 

100 

49*7 

100 


(Brought to room 
temp, after 4 days) 
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Guava fruits inoculated with Pestalotia psidii, Boirjodiphdia tfm&kmae^ GIO 0 OS- 
poriam psidii and Phoma psidii were similarly stored at diflferent temperatures. 
The results obtained indicated that at KfC there was no rot, but after incubation 
at this temperature the rate of decay was rapid when the fruits were brought 
back to room temperature (25±2°C). Only fruits inoculated with Phoma psidii 
showed very slight decay after 10 days of incubation at In all other cases 

no rot was observed at that temperature. When fruits exposed to such condition 
were brought to room temperature there was no enhancement of decay in any 
case. The decay was slow at 20^‘C although the rot made its appearance in all 
cases. After 10 days of incubation at 25±:2^G the percentage rot was high in case 
of infection with B, theobromae and Phoma psidii^ whereas the same was compara- 
tively lower for the fruits infected with G. psidii and Pestalotia psidiL In all cases 
the rot was maximum at 30®G. The advancement of rot caused by all the four 
organisms was retarded at 35^G, but at that temperature the fruits shrivelled 
up, their pulp became brownish and they were rendered unsuitable for consump- 
tion. The percentage rot observed at different temperatures has been shown in 
Table 3. 

TABLE 3 


Percentage rot of ^Safeda" oariety of giuwa fruits inoculated with four eomrmn 
pathogens in storage at different lempetatures 


Pathogen Days of incubation 


15 

10 

Pestalotia 5 

nil 

nil 

psidii 10 

nil 

nil 

10 

12-3 

7-9 

(Brought to room 
temp, after 5 clays). 



Botryodiplodia 5 

nil 

nil 

theobromae 10 

nil 

nil 

10 

18‘8 

16'8 

(Brought to room 



temp, after 5 days). 
Gloeosoporium 5 

nil 

nil 

psidii 10 

nil 

nil 

10 

13-5 

7-n 

(Brought to room 
temp, after 5 days). 



Phoma psidii 5 

nil 

nil 

10 

nil 

2*9 

10 

36-1 

23-1 


(Brought to room 
temp, after 5 days) 


Tcm|)craturt^ in ‘*(3 


20 

(Room tt: 

;mp.) 30 35 

nil 

(rO 

10-2 nif 

13-() 

19*1 

25-4 5'1 

a-4 




nil 

l!)-(i 

19*9 

4-0 

20-9 

83-3 

a4'6 

14-9 

37-5 

_ 

— 



nil 

(>•8 

8-5 

nil 

9*8 

24-9 

28 9 

8-7 

10*7 



«» 


9-6 

21-5 

29-7 

7-5 

42-5 

82-7 

100 

25-8 

61-1 
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faisciissioes and ConcInsinnS 

Temperature plays a vital role in the life of fungi. The growth of thed^ 
organisms is greatly influenced by temperature. It, therefore, is quite natural 
to presume that advancement of a pathogenic fungus inside host tissue would be 
greatly affected by the temperature of its environment. It is apparent from the 
results of the present study that the temperature at which the fruits were stored 
had a pronounced effect on the rate of advancement of decay and consequently 
on the magnitude of the loss incurred by them due to fungal infection. This 
advancement of a fungus inside the host tissue is, in fact, a very much 
complicated process being the net result of the interaction between the host and 
the pathogen. Temperature, therefore^ would not only have a direct influence on 
the growth of the fungus but it would also affect fungal advancement indirectly 
by increasing or minimizing resistance of the host. 

Lower temperature retards the rate of metabolism in living organisms. 
Such temperature, therefore, minimizes loss due to fungal infection in two ways. 
Firstly, it delays the advent of senescence and consequent decrease in resistance 
in fruits ; secondly, it slows down the rate of advancement of the pathogen. In 
the present investigation it was observed that at 10°G decay of banana caused by 
Botrjodiplodia theobromae and Gloeosporiurn musaram could be prevented. After an 
exposure to this temperature when the fruits were brought back to room 
temperature the rot appeared was not more than that was usual at the latter 
temperature. In case of fruits inoculated with G. wusarum there was even slight 
retardation in the rate of decay. This might be due to the fact that either this 
low temperature produced a lag effect on the growth ol the pathogen or storage at 
this temperature provided the fruits a better resistance. Wardlaw and McGuire 
(1931) had found that a temperature of 53°F (11*7°G) was very suitable for 
minimizing loss due to fungal infection in ‘Gros MicheF variety of banana. 
Williamson (1964) has also recommended low temperature (10°C) for prevention 
of Botryodiplodia rot of ‘BhusavaF variety of banana. In case of mango and guava 
fruits also lO'^G was found to check fungal decay ; but when fruits exposed to 
this temperature were transferred to room temperature the rate of decay caused 
by all the organisms, except B, theobromae^ was more or less enhanced. This was 
obviously due to decrease in resistance as a result of exposure to such low 
temperature. This is interesting, because it is usual practice to store mangoes at 
about 10°C or even at slightly lower temperature (Banerjee and Rao, 1933 ; 
Wardlaw and Leonard, 1936 ; Gheema et aL^ 1939 ; Karmakar and Joshi, 1940 ; 
Mukerjee, 1961). In the present study this enhancement in the rate of fungal 
decay after an exposure to 10°G appears to be due to the fact that the variety of 
mango employed ( ‘Langra’ ) was more easily affected by ‘chilling* as pointed out 
by Singh et aL (1963). 

At higher temperatures the rate of decay was high in mango and banana. 
In case of guava fruits a temperature of 35^G retarded the growth of pathogens. 
The fruits, however, showed a rapid degeneration at this temperature and hence 
it cannot be recommended for storage. 

It can safely be concluded from the present study that a temperature of 
15<^C would be suitable for storing the fruits of mango and guava because it did 
not decrease disease resistance and even in cases where there was fungal decay 
the rate of advancement of disease was very slow. lO^G would be suitable for 
storing banana. The optimum temperature which would minimize loss due to 
fungal decay to bare minimum and at the same time would not cause chill effect 
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On fruits should, however, vary with the variety of fruits as well as with th^ 
pathogen concerned. Detailed investigations on these lines are in progress. 

Sn min ary 

Fruits of mango were inoculated with Colhtotvicbutn gloeospofiotd$s^ Boityodip^ 
him iheobromae and Aspergillus niger ; banana mth Cbeosporium musarum and 
Boirjodiplodia iheobromae ; and guava with Pestalotia psidii» Botryodiplodia iheobromae^ 
Gioeosporium psidii and Phoma pstdii and stored at different temperatures.^ Percent- 
age rot caused by these organisms was estimated at two intervals. Storage at 
lO^G prevented decay in all cases. When mango and guava were exposed to 
10*^0 and brought back to room temperature the rate of decay was enhanced. 
There was a very little amount of rot in mango and banana at 15^'G. In guava 
out of the four pathogens only Phoma psidii could cause slight decay at this 
temperature. Botryodiplodia iheobromae caused greatest loss in all cases. Higher 
temperatures favoured fungal decay. Though the advance neat of rot of guava 
caused by fungi was retarded at 35^G, the fruits turned brown, shrivelled up and 
became unsuitable for consumption. 
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Introduction 

Very little is known yet about the functions of the neurosecretory cells in 
adult insects. Scharrer (1941) believed that neurosecretory cells in the pars 
intercerebralis of the brain control certain aspects of metabolism and Thomsen 
(1948) regarded that they also influence eg^ production. These conclusions have 
been arrived at on the basis of the correlation observed between the activity of 
these cells and the ovarian cycle. However, not only very few studies of this 
kind have been conducted, the problem has become further complicated by the 
discovery of neurosecretory cells in parts of the brain other than the pars inter- 
cerebralis, in the suboesophageal ganglion (Scharrer, 1941) and also in the 
thoracic and abdominal ganglia of several insects (Geldiay, 1959 ; Gcrsch, 1959). 
In Feriplaneta americana, the presence of neurosecretory cells in all the ganglia has 
been observed by Gersch (1959) and the present workers (unpublished) and in the 
present work, a study has been made of the activity of these cells in the various 
ganglia in relation to the ovarian activity. The former has been observed in 
terms of the size of the cells and their nuclei, the state of the cytoplasm, as well 
as the presence and distribution of RNA which has been found to occur abundant- 
ly in the neurosecretory cells, but not in nerve cells, while the latter has been 
noted in terms of the length of ovarioles and the size of the last ova. 

Material and Technique 

Female adult specimens of Feriplaneta americana were used in the present 
study. Specimens reared in the laboratory with the usual technique were dis- 
sected in Insect Ringer’s solution, and their ovaries, as well as the entire nervous 
system were dissected out in the shortest possible time. On the basis of the 
development (length) of the ovary (average length of 10 ovarioles) and the last 
ovum (average length of 10 ova), the specimens were divided into seven stages. 
The average lengths of the ovarioles and those of the last ova in the successive 
stages are as follows : 


- ' 

Stage 

Length of ovarioles 

Length of last ova 


First stage 

0*8 cm 

0*59 mm 


Second stage 

0*9 cm 

2*05 mm 


Third stage 

1*0 cm 

2*21 mm 


[ 399 ] 


Stage 


Length of ovarioles Ixngth of last ova 


Fourth stage 1"1 

Fifth stage 1'3 cm 

Sixth stage 1"^ cm 

Seventh stage 1*^ cm 


2*27 mm 
3*25 mm 
3*08 mm 
3*30 mm 


The ovarioles and the ova were measured fresh while the cells were measur- 
ed in sections. 

After dissecting out the entire nervous system, it was fixed in Bouin s fixa- 
tive, Garnoy’s solution or Heidenhain’s Susans fixative, washed, embedded and 
sectioned according to the usual procedure. Sections were stained m ^omon s 
Chrome-alum haematoxylin-phloxin or Heidenhain’s Az:an stam. The latter 
also gave very good results. 

For the study of nucleic acids, the ganglia^ were fixed in Ileidcnhain s 
mercuric saline and Garnoy’s fixative and stained with Methyl green-Fyronm. 

In order to be able to study the activity of the same cells, a few prominent 
cells in characteristic locations in the ganglia concerned were chosen and these 
were studied from stage to stage. 

Since observations on the secretory activity showed that neurosecretory 
cells of the brain and suboesophageal ganglion are in one cycle and those of the 
thoracic and abdominal ganglia in another cycle, the study of the nucleic acids 
was made only in the brain and the thoracic ganglion cells. 

Observations 

First stage 

(4) Brain. Although neurosecretory cells occur in many locations, observa- 
tions were made on the larger, more pronninent cells of the pars intcrcercbralis. 
Their average size is 0*063 X 0*028 mm and that of their nuclei 0*018 X 0*01 mm. 
The nucleus shows a large number of nucleoli besides a few chromatin particles. 
The cytoplasm is strewn with numerous fine granules distributed evenly through- 
out. 


Of the nucleic acids, RNA is concentrated around the nucleus to form a 
thick perinuclear ring. The peripheral zone of the cells is entirely free of it, 
DNA is absent in the nuclei also. The nucleoli are full of RNA. 

(B) Suboesophageal ganglion Neurosecretory cells situated dorsally in the 
middle part of the ganglion measure about 0*036 X 0*028 mm. The nuclei arc 
nearly spherical and about 0*012 mm in diameter. Nucleoli are not seen, but 
chromatin particles occur in abundance. The entire cytoplasm shows evenly 
distributed granules in the cells of the brain. 


(C) Thoracic ganglia. The largest cells are situated in the posterior part of 
each thoracic ganglion and measure about 0*043 x 0*048 mm and their spherical 
q-OSS mm in diameter. The cytoplasm contains granules 
“ association with these occur minute, deeply staining secretory 
vesicles. The nuclei are nearly devoid of nucleoli and filled hewily with 
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the cytoplasm. Nuclei are 


chromatin granules. RNA is evenly distributed in 
totally devoid of both RNA and DNA. 

j- Abdominal ganglia. The largest neurosecretory cells disposed longitu- 

dinally in the posterior part of each abdominal ganglion, or on the two sidls of 

X 0-051 mm and their nuclei are about 
f u condition of the nuclei and cytoplasm is similar to that of 

the cells of the thoracic ganglion. 


Second stage 

(A) Brain. Neurosecretory cells in the same position as observed in the 
earlier stage have attained the size of about 0-064 x 0-035 mm, while the nuclei 
measure about 0-023 X 0-022 mm. There are no nucleoli, but a large amount of 
chromatin is visible in small patches. The condition of the cytoplasm and RNA 
resembles that in the previous stage. 

{B) Sub oesophageal ganglion. The cells under study in this ganglion measure 
now about 0*04 X 0*028 mm. The nuclei measure about 0 022 x 0*017 mm. 
Nucleoli are rare but chromatin particles are abundant. The cytoplasmic condi- 
tion is similar to that of the previous stage. 

(C) Thoracic ganglia. The cells under observation measure about 0 063 x 
0*038 mm. The nuclei measure about 0*022 mm in diameter and the nucleoli 
are rare but small patches of chromatin granules are present. In the cytoplasm, 
the vesicles have now increased in size as well as in number. RNA is distributed 
evenly in the cytoplasm. DNA is completely absent in the nuclei. 

(D) Abdominal ganglia. Cells of the abdominal ganglia, as studied in the 
earlier stage, now measure about 0 048 x 0*028 mm with their nuclei measuring 
about 0*02 X 0*012 mm. Nucleoli are scarce but several patches of chromatin 
granules are present in the nuclei. As in the thoracic ganglia, the secretory 
vesicles are larger in size and number. RNA is evenly distributed in the cyto- 
plasm and DNA is throughout absent. 

Third stage 

(A) Brain. Neurosecretory cells under observation in the previous stages 
now measure about *0076 X 0*035 mm while their nuclei measure about 0*03 X 
0*017 mm. The nuclei contain very few nucleoli but show a large amount of 
chromatin granules. Unlike the second stage, secretory granules are assembling 
into small clumps and the development of vesicles starts. The perinuclear ring of 
RNA has started fading out because the substance is being gradually dispersed 
towards the periphery. 

(B) Suboesophageal ganglion. The cells under observation have not under- 
gone any marked change in size but their nuclei have become smaller, about 
0*012 mm in diameter. The nuclei are devoid of nucleoli and contain chromatin 
granules in patches. The condition of cytoplasm is similar to that of the neuro- 
secretory cells of the brain. 

(C) Thoracic ganglia. The relevant cells are now much smaller, measuring 
about 0*043 X 0*015 mm and their nuclei measure about 0*023 X 0*015 mm. 
Nucleoli are scarce but chromatin granules occur abundantly. A number of 
vesicles have discharged their contents so that the cells contain empty vacuoles 
as well as secretion filled vesicles. RNA is found evenly distributed throughout 
the cytoplasm. DNA is completely absent from the nuclei also which are rich in 
RNA as before. 
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{D) Abdominal ganglia. The cells or their nuclei have not undergone any 
significant change in their size since the last stage. Nucleoli are absent and 
several patches of chromatin particles are seen in the nucleus. The condition 
of the cytoplasm is similar to that of the cell of the thoracic ganglia. 

Fourth stage 

(d) Brain. Now the neurosecretory cells under observation hove increased 
in size to about 0'079 X O'OSl mm and their spherical nuclei to 0’023 in dia neter. 
In the nuclei, nucleoli are scarce but patches of chromatin subsiance arc abun- 
dant. In the cytoplasm the vesicles, which started appearing in the previous 
stage, have increased in size as well as in number. The process of dispersal of 
the RNA towards the periphery is nearly complete so that the ring around the 
nucleus disappears and the substance is evenly distributed throughout (he cyto- 
plasm. RNA also fills the nucleoli wherever they are seen. 

(B) Suboesophageal ganglion. Its cells have now attained maximum size and 
measure about 0'05l X 0'03 mm while their nuclei measure about 0-0 18 < 
0 013 mm. Nucleoli are rare but chromatin is abundant. The condition of the 
cytoplasm is similar to that of the neurosecretory cells of the brain. 

(C) Thoracic ganglia. At this stage, the ncuiosccretory cells of these ganglia 
measure about 0-053 X 0-051 mrn and their nucleoli have an average diameter 
of about 0-018 mm. Nucleoli are absent but a large amount of chromatin is present 
in the nuclei. Vacuoles are abundant and conspicuous. Concentration of RNA 
starts again and a narrow peripheral region becomes free of it. Nuclei are totally 
devoid of DNA and the nucleoli arc rich in RNA. 

(D) Abdominal ganglia. The neurosecretory cells in question now measure 
about 0-046 X 0-03 mm and the nuclei about 0-018 in diarrretcr. As in the 
neurosecretory cells of the thoracic ganglia, nucleoli are not seen and small 
patches of chromatin granules arc abundant. The condition of cytoplasm is also 
similar to that of the cells of the thoracic ganglia. 

Fifth stage 

(d) Brain. In this stage, reduction in the size of the neurosecretory cells is 
observed and now they measure about 0-068x0-045 mm. The nuclei measure 
about 0-023 mm in diameter. They do not contain nucleoli but abundant 
chromatin granules. Secretory vesicles, present in the cytoplasm already, become 
larger. RNA is present evenly almost throughout the cytoplasm. As noted 
previously the nuclei are devoid of DNA. 

(B) Suboesophageal ganglion. Neurosecretory cells in this ganglion also show 
a tendency to become reduced in size and those under observation now measure 
about 0-035x0-02 mm. Their nuclei measure about 0-018x0-01 mm. Nucleoli 
are absent and chromatin granules are abundant. As in the neurosecretory cells 
of the. brain, those in this ganglion also show well developed secretory vesicles at 
this stage. 

ganglia. Cells under observation in these ganglia measure 
about 0-038x0-051 mm and their nuclei measure about 0*018 mrn in diameter. 
Chromatin granules fill the nuclei and nulceoli are not seen. The cytoplasm is 
packed with well developed vacuoles. The narrow peripheral region of the cells 
characterised ^sence of RNA enlarges and consequently the perinuclear 

concentration of RNA becomes more distinct. Nuclei are totally devoid of PNA. 
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(D) Abdominal ganglia. The relevant cells of these ganglia measure about 
0*04X0-038 mm and their nuclei measure about 0-012x0-02 mm. Nucleoli are 
absent and chromatin panicles occur in small patches in the nuclei The cyto- 
plasm is full of well developed vacuoles. 

Sixth Stage 

(J) Brain* The cells under observation become smaller still and measure 
about 0-063x0*03 mm while the nuclei measure about 0-028x0'013 mm* The 
secretory vesicles start emptying out and become replaced by vacuoles. This 
indicates the beginning of the discharge of neurosecretory substance from the 
cells. RNA is present evenly throughout the cytoplasm and also in the nucleoli. 

(B) Suboesophageal ganglion. Relevant neurosecretory cells at this stage 
measure about 0*038 x 0-023 mm and their nuclei measure about 0*02x0*01 mm. 
Nucleoli are scarce but chromatin granules are abundant in the nuclei The 
condition of the cytoplasm resembles that of the cells of the brain. 

(G) Thoracic ganglia. The neurosecretory cells in these ganglia now increase 
in size to about 0 045x0*051 mm and their nuclei measure 0*028x0*023 mm. The 
cytoplasm shows evenly distributed granules. RNA becomes richly concentrated 
in the perinuclear region and the rest of the cytoplasm becomes free from it. 
DNA is absent from the nuclei which contain an abundance of chromatin but no 
nucleoli. 

(D) Abdominal ganglia. The neurosecretory cells under observation measure 
about 0 * 038 x 0*033 mm and the nuclei about 0*015 in diameter. The cytoplasm 
is filled with evenly distributed secretory granules and the nuclei with chromatin. 


Seventh stage 


(ii) Brain. The cerebral neurosecretory cells under observation and their 
nuclei have not undergone any significant change in size and measure about 
0*06X0*035 mm and 0*025x0*015 respectively. The entire cell cytoplasm is packed 
with large vacuoles. RNA is showing a tendency to become concentrated in the 
perinuclear region and a thin peripheral region becomes free of it. The nuclei 
have only a few nucleoli but plenty of chromatin granules. 


(B) Suboesophageal ganglion. Neurosecretory cells of this ganglion now 
measure about 0*035 X 0*02 mm and the nuclei measure about 0*01 x 0*013. As in 
the case of the cerebral neurosecretory cells, nucleoli are scarce and chromatin 
granules are abundant. The cytoplasm is full of conspicuous vacuoles. 

(C) Thoracic eanglin. Its cells measure 004x0-048_mm and their nuclei 
about 0-018 mm in diameter. The cytoplasm is strewn with evenly distribmed 
secretory granules but at places, they form masses and give rise to small vesicles. 
SrpLinLlear concentration of RNA becomes less conspicuous and the subs- 
ince^as started spreading out in ‘he cytoplasm. The nuclei are devoid of DNA 
and the nucleoli, if present, are full of RNA. 

8 mm'!'^ ?*he conditions of the cytoplasm and nuclei resemble those of the cells 
of the thoracic ganglia. 
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EXPLANATION OF FIGURES 

PLATE!. Camera lucida drawings of the neurosecretory cells of the brain and subociopha- 
geal ganglion of Pariplamta amgricana showing secretory activity in thcie. 

a, A neurosecretory cell of the pf rs intcrccrcbralis ot the brain in the 1st stagc> showing even- 

ly distributed granules in the cytoplasm. 

b, Same in the 2nd stage with the cell enlarged and full of granules. 

c, Same in the ifrd stage, showing aggregation of granules and l)cginning of vesicles formation, 

d, Same in the 4th stage with vesicles larger and more abundant and with fewer granules, 
c, Same in the 5th stage, showing well developed vesicles filling the entire cytoplasm* 

f, Same in the 6th stage, showing the beginning of discharge of vcsiclrs and formation of 

vacuoles. 

g, Same in the 7th stage, showing numerous large vacuoles hut no vcsiclw. 

ai, A neurosecretory cell of the subocsophageal ganglion in the 1st stage, showing evenly dis- 
tributed granules throughout the cytoplasm, 
bl* Same in the 2nd stage with the cell size larger. 

cl. Same in the 3rd stage, showing aggregation of granules and the beginning of the forma- 
tion of vesicles. 

dl. Same in the 4th stage, showing that the vesicles have enlarged and the granules are much 
reduced 

el. Same in the 5th stage, showing well developed secretory vesicles filling the entire cell, 

h, Same in the 6th stage, showing dhcharging vesicles and beginning of appearaxtee of 

vacuoles. 

gl, Same in the 7th stage, showing numerous large vacuoles iu the cytoplasm and the vesicles 
absent. 

PLATE 2. Camera lucida drawings of the neurosecretory cells of the thoracic ami abdominal 
ganglia of Periplaneia amermna showing secretory aco’vity in the different stage { 1st to 7th) 
as given in the 'Observations’. 

a, A cell of the thoracic ganglion in the 1st stage, showing developing vesicles and granules 

in the cytoplasm. 

b, Same in the 2nd stage, showing cytoplasm full of well developed vesicles 

c. Same in the 3rd stage, showing secretory vcrsidcs some of which arc discharging and giving 

rise to vacuoles. 

d. Same in the 4th stage, showing an increasing number of vacuoles, 
c. Same in the 5th stage with the cytoplasm full of vacuoles 

f. Same in the 6th stage with the cytoplasm full of evenly <listribntcd grsnuilcs. 

g. Same in the 7th stage, showing the aggregation of granules and the appearance of vacuoles, 
al, A neurosecretory cell ofan abdominal ganglion in the 1st stage, showing developing vesi- 
cles and granules in the cytoplasm. 

bl. Same in the 2nd stage, showing the whole cytoplasm full of secretory vesicles, 
cl. Same in the 3rd irtage both * csiclcs and vacuoles. 

dl, Same in the 4th stage showing a larger number of vacuoU's and some vesicles, 
cl. Same in the 5th stage with the whole cytoplasm full of vacuoles, 
fl, hame in the 6th stage, showing evenly distributed granules in the cytoplasm, 
gl, Same in the 7th stage showing beginning of the appearance of vesicles, 

PLATE 3. Photomicrograph of neurosecretory cells of the brain and thoracic ganglion showing 
RNA (Methyl grccn-pyronin staining) , (Cell marked by an arrow). 

a, A neurosecretory cell from the brain, showing a perinuclear concentration of RNA, 

al, A neurosecretory cell from a thoracic ganglion in the same stage as above, showing evenly 
rich distribution of RNA througl out the cell. 

b, A neurosecretory cell of the brain, showing even distribution of RNA in the cytoplasm. 

bl, neurosecretory cell of a thoracic ganglion in the same stage as above (b) showing a rich 
perinuclear concentration of RNA. 

ABBREVIATIONS USED 

C, Chromatin; G, Granules : N, Nucleus; Nu, Nucleolus ; V, Vesicles'. 

VA, Vacuoles. 
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Kaiser (1954) Luscher and fengetmann (1955) and others have shown by 
histological methods that the corpora allata control egg production and undergo 

a secretory cycle which is correlated with the ovarian cycle. It has been estab- 
lished that the corpora allata themselves are stimulated to secretory activity 
by the neurosecretory cells which send their secretory product either 
through the allatic nerve and corpora cardiaca or through blood (Wiggles- 
worth, i948;Joly, 1950 ; Scharrer, 1946; Thomsen, 1952, etc.). It is also 
usually beleived that these neurosecretory cells belong to the pars iutercerebraiis 
of the brain. However, Thomsen (1948) noted that, in certain cases, even though 
the median neurosecretory cells of the brain were removed, the ovary showed some 
development In this connection, she also recalled the observation of Williams 
(1947) that in breaking the diapause of Plcttysamia cecropia^ not only the mediaa 
but also the lateral neurosecretory cells take part. Besides, Scharrer (1955) pointed 
out the possible relationship between the ovary and the suboesophageal ganglion 
on the basis of the observation ot ‘castration cells’ in the latter. All these observa- 
tions thus tend to show that the ovarian activity is influenced by neurosecretory 
cells which may not only belong to the region of the pars intercerebralis of the 
brain, but to its other parts, as well as to other ganglia. 


In the present work it has been established that secretory activity takes 
place in the brain and in the oesophageal, thoracic and abdominal ganglia of 
cockroach and their secretory cycles correspond with the ovarian cycle. Thus 
apparently the ovarian activity is related to the secretory activity in all these 
ganglia* It is, nevertheless, intriguing to note that there appear to be two distinct 
secretory cycles. At any time, neurosecretory cells of the brain and the suboeso- 
phageal ganglion are in one phase, while the cells of the thoracic and abdominal 
ganglia are in another phase. This raises the question whether these two cycles, 
and the cells which demonstrate these, are concerned with two different functions. 
It is difficult to answer this question. Thomsen (1952) had noted that the re- 
moval of the median neurosecretory cells in Calliphoraled to the arrest of develop- 
ment of the ovaries at a stage earlier to the one at which yolk formation begins. 
She also observed that the removal of the corpora allata or cerebral neurosecre- 
tory cells leads to deposition of less fat in fat bodies. Conversely, Gersch (1959) 
showed that the removal of ovaries caused excessive fat deposition in fat bodies. 
These observations indicate that the median neurosecretory cells may be connect- 
ed with the production of lat and possibly also yolk. Since neurosecretory cells all 
over the brain and in the suboesophageal ganglion run the same secretory cycle, 
wc may infer that all these cells are concerned with this function. Cells oi the 
thoracic and abdominal ganglia, which pour their secretion earlier than cells of 
the brain may be connected with the process of growth of ova in size and hence 
with a different metabolic process. It is also worth investigating whether the 
secretion of the first set is passed out through the allatic nerve into the corpora 
allata and that of the second set directly in the blood. 

The study of nucleic acids reveals an abundance of RNA in the cytoplasm 

Sind the nucleoli when the latter are present, and a relationship between the 
and the nuc^oli, wne there is an intense 

activity of RNA and ^ Y ^vtoplasm shows evenly distributed 

perinuclear spreads out, secretory granules cluster and vesicles 

sec,«o,y granu A RNA LlU ha. b^h.eponcd carl.e, 

TLylr (iJhT lhV print work o..abli.hc. it. ,rla.ion.h.p wnh .hr .rrrrtory 
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activity of the cells. It has been shown earlier that RNA occurs wherever protein 
molecules are being formed in the cell and its presence lias been considered 

necessary for protein synthesis (Swiftj 1953) ; hence its <,iJ)Utidanee in the netiro* 
secretory cells may be considered indicative of the chemical nature of the secre- 
tory material 
Swmmary 

The neurosecretory cells of the brain and the snboesoplmgcau tliomcic 
and abdominal ganglia of the female Periplanela mnericana show secretory activity 
which is correlated with the ovarian cycle, but while the cells of the brain ana 
the suboesophageal ganglion are in one cycle and discharge their secretory pro- 
duct when the last ova have reached near maximum development, those of the 
thoracic and abdominal ganglia are in another cycle and discharge their product 
much earlier, when the ova are middle sized. The neurosecretory cells are rich 
in RNA the activity of which is also correlated to the secretory activity of the 
cells. DNA is absent. Different secretory cycles in the cells of the two sets of 
ganglia may be responsible for different functions, and aliundance of RNA may 
be indicative of the proteid nature of the secretion. 
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‘ALIENS’ NATURALISED IN THE FLORA OF ALLAHABAD 

By 

T.RAJAGOPAL anrf G. PANIGRAHI 
Central Circle^ Botanical Survey of India^ Allahabad 
(Received on 22nd April, 1966) 

According to Hooker (1904), Champion and Trevor (1938) the flora of India 
is merely a mixture of floras of the surrounding countries and that there is no 
Indian flora as a separate entity. Ghatterjee (1940, 1962) does not share this 
view and maintains that more than 60% of our IDicotyledonous species are 
endemic and considers that there was originally a typical Indian flora which 
became partly masked by plant invasions from the surrounding countries. He 
hewever, considered that the Indo-Gangetic Plain is relatively poor in the 
endemic species. He criticised the recognition of floristic regions by Good (1947) 
according to whom India is a region of the Indo-Malayan Subkingdom under 
Paleotropical Kingdom. Ghatterjee, therefore, divided India into 8 phyto-geogra* 
phical regions of which “Gangetic Plains’’ is one. 

J, K. Maheshwari (1962) from his studies in the flora of Delhi and Srivastava 
(1964), amongst others, have drawn attention to the ‘studies on the naturalised 
flora of India’. According to Maheshwari (L c.) about 40% of the flowering plants 
of India are foreign and are now naturalised in different parts of the country. 
Maheshwari (L c.) recognised four distinct categories amongst the naturalised 
elements viz. (1) Pluri- regional species or ‘wides’, (2) Weeds of cultivation and 
other introduced weeds, (3) Exotics and escapes from cultivation, and (4) Species 
of limited distribution in India and adjoining regions, van Steenis (1964) is, 
however, highly critical of Maheshwari’s (1962) list of naturalised species, considers 
that many native plants have been treated as introduced ones, and since there is 
no mention of the time at which naturalisation took place, he expresses his mis- 
givings on the aim of the paper itself. 

Our own studies under the project of ‘Illustrated Mannual of Flora of 
Allahabad’ have yielded about 580 species, of which about 299 species represent 
indigenous elements, 70 species introduced and naturalised elements from outside 
India and the remaining cultivated crops or ornamental species of horticultural 
interest. 

The introduced and naturalised species collected and identified uptodate 
represent about 20% of the ‘wild flora’ of the city of Allahabad. This would 
contrast with the report of about 27 of introduced and naturalised species out 
of total 478 indigenous and naturalised species for the Delhi city (c./. Maheshwari 
1962, 1963). Whether the percentage of introduced species in the flora of the 
Allahabad city would go up higher after further collection and identification 
remains to be seen. 

The analysis of the 70 species recognised here as ‘introduced and naturalised’ 
elements from countries beyond India are presented under the heading I. 
iNleo-tropical— 36 sepcies, 11. North-temperate-«20 species, III. North African 
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and Arabian— 4 species, IV. Tropical and Souib African— 7 .species, V. Austro- 
asian— 2 species, VI. Burmese— I species. 

In view of the criticism of Maheshwari’s (1962) list of species by van Stcenis 
(1964) and considering the unsatisfactory nature of the oonnotation.s Cosmo- 
politan, Paleotropical and Pantropical etc. in determining the ‘exotic’ and 
‘indigenous’ nature, the question of determining the nativity of our other species 
is under study. 

An enumeration of the species with notes on the habitat and the source of 
its introduction etc. are appended herewith. 

I. NEO-TROPICAL (i.e. Mexico, West-Indies and Trop. S. America). 

Alternanthera paronychioides St. Hill. 

Grows gregariously on the alluvial loamy banks of the river Ganges but in 
the drier situations near MaePharson Lake ; the plants are rather stunted with 
condensed internodes. 

A native of S. America and West-Indies, it was not recorded in Indian 
Horas ; probably introduced during first quarter of this century. RiUKuda (1939). 

records this species fram Banaras and Kanpur ; hunderarai (195)5) records it Irom 
South India. .i v / 


A. pungens H. B. ct K. 

In dry situations, waste places and along roadsides, 

America (Backer and Brink I'KiJi ; Raizada 1950). 
it wif fbst was introduced into this country about 1913, since 

Thrslrlr, rwn Malagin hilKs in Salem district, Madras in 1913. 

Coimhatnre ^ Spread thiougluit ihii country and lias been reported from 

Sc its raidd Bombay, 1: yderabad, Kconjhar, (Orissa), Delhi and Meerut 

wLh teX! atrnl “iff P«ii‘«th enclosing the utricle, 

the vehicle! ^ attaches itself to cloth- s, to passing animals and to the tyres of 

Ageratum conyzoides Linn. 

of situations, as a common weed in gardens and near waier channtds 

It introduced to India in the 16th century. 

(Ridlev 193o'^ aniraals aiui i$ a weed of cultivation 

to ffl/’its eohemtrAT ^ attributes its enormous success as a weedy annual 
mornL ?6) nteX ■ ” ^ ^ to flowering it takes less than two 

to drier hahhat<! ” growth habit t.e. can grow successfully from water-logged 

and I T W -compatibility 

g mechanism which ensures good seed production, 

Argemone mexicana Linn. 

in fields and gLde!s!'’ grounds, on river banks and as a winter weed 

1963)fSl% Baekerand Brink 

India, ^ 17th century and now found throughout 
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A, ochroleiica Sweet. 

Along with A. mexicana Linn, on the banks of the Ganges and on Mela 
grounds near oaogam (w Rajagopal, 1965). 

A native of Mexico, most probably introduced at the time when Duthie 
was writing his Flora, because under A. mexicana Linn., he describes the “flowers 
rarely white’*. 1 he white-flowered biotypes seen by Duthie could be those of 
A, ochfoleuca Sweet. 


Blaisivillea acmella (Linn.) Philipson J5. rhomboidea Gass, and B, latifolia (Linn.) 
DC. 

In shady situations and moist places. A native of S. America (Ridley, 1930) 
and was probably introduced during the 18th century. It spreads due to its 
acbenes adhearing to sacks and baggages. 

Cassia occidemtalis Linn. 

Common in waste places, along roadsides and as a weed in culivated land. 
Native of S. America (Duthie 1903, Backer^ and Brink 1963), probably 
introduced long back before Roxburgh’s Flora Indica was written. 

Cissanapelos pariera Linn. 


On hedges and bushes. 

A native of S. America. According to Ridley (1930), it was brought by 
lesuit Missonaries in the 17th century to Goa since it was considered the source of 
the true ‘lariara brava’, obtained from Clerodendrum tomentosum. It spreads by 
red drupes eaten by birds. 

Coldenia procumbens Linn. 

In moist places and river banks. 

Coldenia is exclusively a new world genus (Good 1947). This is the only 
species of the genus in India and was probably introduced before Roxburgh’s 

Flora Indica, 

Cor chorus aestuans Linn, (non Forsk). 


In waste places, in gardens and on field bunds. 

Although Maheshwari (1962) treats this species as a native of tropical 
America, Brizicky (1965) considers C. aestuans, ^ diploid species with 2n = 14 as 
Either Asiatic or African in origin but as an adventive weed in America (Florida). 

Goronopus didymus (Linn.) Sm. Senebiera pinnatifida DC. 

Common weed during winter in gardens and fields. 

Duthie (1903) considers the species as tropical American in origin ; it was 
introduced into Bengal during 1845 (Srivastava 1964). 

Groton bonplandiannm Baill C. sparsiflorus Mor. ,j- 

Very common in waste places, along road sides and railway tracks and in 

gardens. a native of tropical America, introduced 

According to Ridley (1930)| it reached Calcutta by 1920. 

into Chittagong along India by ‘trecking’, as if, along the 

It is now spread more or less througnoui rnui r 

railway lines. 
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Eclipta prostrata Linn, E. alba Linn. 

In moist places, near ponds and drainage^ channels, as a weed in lawns, 
This shows great plasticity in its growth habit^ from prostrate hcrl) in lawns to 
erect plants with succulent stems near water edge, 

Ridley (1930) who considers it as a native of 8, American swamps, suspects 
that it spreads by attaching to plumtage of birds and also by human Imings since 
the achenes are viscid, 

Eicliliornia crassipes (Mert.) Solms. 

In ponds, ditches and in flooded part of the river banks during the rains. 
Native of Brazil, introduced into the Old World by about 1829 on account 
of its beautiful flowers (Ridley 1930). In India, it rarely sets seeds and depends 
generally on vegetative propagation, 

Eaphorbia heterophylla Linn. E genicalata Oneg. {c.f. I)rcs.^lcr HXil Ann. Moss. 
Bot. Gard. 48 : 329-341). 

In waste places, fallow lands and as a wee<l in gardeius. 

A native of tropical America ; introduced in gard(;n.s before Hooker wrote 
the Flora of British India. 

E. hirta Linn. 

Very common throughout Allahabad in fallow lands, in lawns, waste places 
and along road sides. 

Backer and Brink (1963) consider it as a native of 'rropical America * 
probably introduced before Roxburgh wrote lus ‘Flora lndua\ ' 

E, tfeymifoHa Linn* 

Abundant in the cleared place.s, in lawns, waste ftlaccs and along road sides. 

Probably tropical American in origin (Backer and Brink, 19G3) and miuht 
have been introduced at a very early time. ^ ® 

Galinsoga parviflora Gav. 

Near the hedges of the Central Circle garden ; scarce. 

1845 (Ser?930)’ (Duthie, 1903) ; introduced to India before 


Gnaphaliiim purpureum Linn. 

Common in moist shady places and in gardens during winter. 

Native of Tropical America (Duthic, 1903) ; time of introduction not known. 
Gomphrena celosioides Mart. 

In waste places, on river banks, bunds of fields and along road sides. 

andMalTvaIia(Ba?kef 19^^^^^^^ Africa, India, Australia 

t^re^ SXle n915^ RaS;/ nQrn Goimba- 

van ^eenis (1965?«ates^“irT^^^ Gangetic Plain. 

‘long.distam’ dSersal of thk impression that the rapid 

o g aistant dispersal ot this alien is due to transport by aeroolanes as it was 

especially abundant on the airstrips or confined to them. It cSuid hare bMn 
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brotigiit i^lotig with iuggage blit it SeeiHs tnore likely that seeds afe adhearifig 
with mud to tyres”. 

Heliotropiwm indicwm Linn. 

Oo moist grounds^ along river banks and road sides. 

South American in origin, introduced at about 1500 AD in India, probably 
in ballast or baggage (Srivastava 1964). 

Jatroplia curcas Linn, 

In waste grounds and in abandoned places ; also planted as a hedge. 

A native of Tropical America (Duthie, 1903, Backer and Brink, 1963), prob- 
ably introduced at an early time. 

J. beteropliylla Steud. J. gossypifolia Linn. 

In waste places. 

A native of Tropical America (Backer and Brink, 1963) introduced in India 
probably after 1850 and had become quite common in Bihar by 1921-25 
(Srivastava, 1964). 

Laiitaiia camara Linn. var. acwleata (Linn.) Moldenke (Planters’ curse). 

In waste places, as an escape in gardens and generally grown as a hedge. 
South American, introduced for its ornamental flowers to Ceylon in 1824 
(Srivastava, 1964) and spreads by birds and squirrels who relish its black berries 
(Ridley, 1930). 

Malvastruiai coromandelianum Gareke. M. tricuspidatum A. Gray. 

On the slopes of the MacPharson lake bunds and in shady situations. 

Native of South America (Backer and Brink, 1963), introduced into India 
during 1900 (Srivastava, 1964). 


Martynia annua Linn. 


In waste places and road sides. 

Native of Mexico and Brazil and introduced to India before 1843 spreads 
by attachment of its hooked fruits to wild beasts, goats, sheep (Ridley, 1930). 


Nicotiana plumbaginifolia Viv. 

In hedges and bushes ; in shady situaiiens along road-sides and on river 
b^nks. 

Mexican in origin, introduced into India probably during 1824-45 (Srivas- 
tava, 1964). 

Oatalis intermedia A. Rich. 0. latifolia auct. non H. B. et K. 


In moist situations in gardens and along hedges. ^ 

Native of Tropical America (Backer and Brink, never 

during last part of the 1800 AD and propagates vegetativcly by its bulbs, nev 

seen setting seeds. 

O. martiana Zucc. 0. corymbasa DC. 

In moist situations of gardens. 
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A native oi South America (Ridley, 1930), spwads by 
and it rarely fruits outside its native house. ^According to Moon (<?•/* Ridley 
it was well established in the forests of India by 1IU7» 

Pasaiflora foeiida Linn. 

On hedges and bushes. 

Native of Brazil (Duthie, 1903) and America, i (Ridley, lOSCI), introduced into 
India before 1845 (Srivastava, 1964). 

Physalis sninisna Lino, 

In moist places, hedges and fallow lands. 

A native of South America, spreads through the dung of caittle, horses etc., 
probably introduced during the 17th century to India fioin Malaya Peninsula 
(Ridley, 1930). 

Koellia tuber osa Linn. 

In shady situations, hedges, along road sides and in gardens. 

^ A native of Tropical America, introduced for its ornamental bowers, natural- 
ised in Bengal by 1903 (Praia, 1903). 

Scoparia dulcis Linn. 

On river banks, along road sides and as weed in gardens. 

Ridley (1930) states that Linneaus described it from Jamaica in 1753 ; came 
to Africa in ships connected with the slave trade. In India, introduced as a 
medicinal plant by Chincese Physician i^?) round about 1843 (Srivastava, 1964). 

horgbum balepense Pers. 

In hedges, on field bunds, and in orcliards and gardens. 

Snowden considers it as a native of Propical America [c.J\ Bor, 1960), 
probably introduced to India at a very early time. 

Tridax procumbens Linn. 

In hedges, fallow lands, along road sides and on old walls. 

Introduced to India as an ornamental plant before 1830 from South America 
(Ridley, 1930), It is very wide-spread now. 

Volvulopsis numularia (Linn.) G. Roberty Evohulus nummularius Linn. 

Abundant in waste places, fallow lands, along road sides, river banks and on 
field bunds. 

Native of Tropical America (Roberty, 1952), probably introduced in India 
during last part of the 18th century, since it is recorded in the Flora of British 
India 4 , p. 734 under additions and corrections. Tiwary (1930) reports it from 
Banaras and Raizada (1936) from Dchra Dun. 

II, NORTH-TEMPERATE (i.^. Eurasian, Mediterranean, including Central 

Asia and China) 

Anagallis arvensis Linn. 

Common winter weed along road side drains and in moist situations. 
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Taylor (1955) while rivising the genus AnagalUs for Tropical and South 
Africa, considers A, arvensis indigenous to Europe and Mediterranean region and 
an introduced weed” in Africa ; probably introduced to India at an early 
time* 

Catii&abis sativa Linn. 

Weed in moist situations and in gardens. 

A native of Central Asia, cultivated either as a fibre plant or as a narcotic 
in many other countries (Backer, 1954) ; probably introduced to India at an 
early time. 

Convolvulus arvensis Linn. 

A weed in cultivated lands during winter. 

Indigenous to Old World Temperate region, now spread to the sub tropical 
and tropical regions. 

Cyamopsis tetragonoloba (Linn.) Taub. 

Commonly occurs in fallow lands and waste places as an escape from 
cultivation. 

A native of Central Asia (Backer and Brink, 1963), introduced to India 
probably at a very early time. 

Eruca sativa Mill. 

A winter weed in wheat and Brasska fields. 

Indigenous to South Europe, North Africa and West Asia (Duthie, 1903) and 
probably introduced during the 17th century. 

Fumaria indica (Housk.) Pugsley F. parviflora Wt. et Arn. 

A common winter weed. 

Its occurrence in North India during winter and in South India at high 
altitudes as a weed in cultivated lands, indicates its temperate origin ; probably 
introduced at a very early time and according to Mason, the Indian junglc'crow 
eats fruits of this species and helps in its dissemination (see Ridley, 1930). 

Lathyrus apbaca Linn. 

Common winter weed in fields. 

Indigenous to Europe ; according to Ridley (1930) it might have been 
introduced to India along with vegetable seeds fiom Europe during the 16th 
century. 

Medicago polymorpha Linn. M. denticulata Willd. 

In moist places and as a common winter weed in cultivated lands. 

Native of Europe and probably introduced during the 15th or the 16th 
century alongwith wool to which it adheres by its curved spinous fruzts (Ridley 
1930). 

M. lupulina Linn. 

In moist places, in gardens and cultivated lands during winter. 

Native of Europe (Ridley, 1930), probably introduced by European settlers 
along with vegetable seeds during the 15th or the 16th century. 
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Melilotus alba Desr. 

In hedges, in fallow lands and gardens. 

Indigenous to Europe and Western Temperate Asia. Ridley (1930) refers 
to its seed dispersal through horse dung in Sweden ; may probably be an early 
introduction to India. 

M. indices (Linn.) All. 

Generally associated with M. alba Desr. 

Native of South Europe and South Western Asia (Backer an d Brink 1963) ; 
probably an early introduction. 

Oxalis coreiculata Linn. 

Common in moist places, gardens, field bunds and near drainage channel. 

Ridley (1930) states, “this creeping plant is very widely spread all over the 
world, mainly by human agency. It is certainly a native of South Europe and 
was described by Cluspius as coming from the region in 1549. It is also probably 
native in the north temperate zone of the Old World, being specially common 
in India, where there is a hairy form and which also occurs in other warm parr of 
the Old World.’’ ^ 


Polypogon monspeliensis (Linn.) Desf, 

On a sandy alluvial soils and on field bunds and in gardens. 

Indigenous to temperate parts of Asia, Africa and Europe and introduced in 
India (Bor, I960) ; time of introduction not known. 


t onchuis oleraccus Linn. 


A common weed in gardens, in shady situations and near drains. 

Probably indigenens to Europe and Eurasian region (Duthie, 1903) and it is 
now more or less cosmopolitan in its range. 

Spergula arvensis Linn. 

Common in moist situations, in field and gardems during winter. 

European in origin (Ridley, 1930, Backer and Brink, I9(i3) ; proliably intro- 
inom ^ European vegetable seeds during tlie I7lh century. Ridley 

(1930) says m this connection . many plants however they arrived in distant 
countries originally, are now widely disseminated by cattle more extensively, 
borne of these weeds are so extensively distributed and so much confined to 
cultivated land that it is dubious as to what part of the world they originated in”. 

Vaccaria pyraxnidata Medick. Saponaria vaccaria Linn. 


A weed in wheat fields. 

Europe (Backer and Brink, BjOb) ; probably introduced during 
the 16 h century. Kalmbach (c.f. Ridley, 1930) reports the dispersal the .seeds 

distant cornTries crow which tceds on the dry fruits unci also visits 


Veronica anagallis-aquatica Linn. 

In marshy places, on edges of water channel aiul on the river baidcs- 
A native of Temperate region (Maheshwari, 19G2) ; time of introduction 
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Vicia hirsiita Gray. 

In moist shady places, in gardens and fields as winter weed. 

^ Backer and Brink (1963) consider it as a native of Europe, West Africa and 
continental Asia, and Duthie (1903) states, ‘'most likely originally introduced from 
Europe where the plant is common”. 


V. sativa Linn. 

A common weed of cultivation and in moist situations. 

“Wild throught greater part of Europe and was no doubt introduced into 
India from that direction”, Duthie (1903). Backer and Brink (1963) consider it as 
a native of Europe, North Africa and West Asia ; probably both the species of 
Vicia were introduced during the 16th or 17th century by the European invaders. 

Xanthinm strumarium Linn. 

Weed in vaste places, in drying ponds, on bunds of fields and in gardens. 

Ridley (1930) considers it as a native of Europe on the authority of Diosco- 
rides who figures this plant from Europe in the 1st century. It spreads by its 
spiny adhearing fruits. But Srivastava (1964:) attributes it to South A nerican 
nativity and states “introduced into India long back, as it is found even in the 
interior of the Himalayas and is mentioned in Ayurvedic texts’ . 


Ill, NORTH AFRICAN AND ARABIAN 
Acacia nilotica Del. A. orabia Linn. 

In dry situations, open grounds and on banks of river Yamuna. 

A native of North African Arabian desert and probably introduced at a very 
early time by the Muslim invaders, after the lith century. 


Aristida adscencionis Linn. 

In open grounds, field bunds and in gardens during the rains and m early 

part of winter. , . , . j 

According to Ridley (1930), “it is a native of North Africa but is described 
as a MadrL plant by Plunket in 1696” ; evidently introduced to India prior to 

this date, 

Digeva. muricata (Linn.) Mart. 

On river banks and in gardens and fields as a weed ; probably native 
of North Africa ; time of introduction not known. 

Portulaca oleracea Linn. ‘Purslane’— English. 

In moist situations, on river banks and in gardens. 

A native of North Africa, probably introduced along »ith vegetable seed, 

carried by early eaplorets in the 15th century (Rrdley, 1930). 

IV. TROPICAL AND SOUTH AFRICAN 
Chloris barbata Sw. 

Open grounds, in hedges and in gardens as a weed. 
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Ridley (1930) who himself considers it as a native of Tropical Africa, states 
that according to Rheede (1769), it is a native of India ; it spreads by attaching 
its awns to packing materials, 

Corcl&orias olitorius Linn. 

In moist situations, near rain water ponds and in gardens. 

According to Brizicky (1965), it is African and cultivated as a pot herb in 
the Eastern Mediterranean, particularly in Egypt, from ancient time ; probably 
introduced at an early time in India. 

Merremia emargmata (Burm.f.) HalLf. 

In wet places and in orchards near Baxiband road. 

Indigenous to Tropical Africa and according to Merrill (1918 ; Sp, Blanc., 
324), the species has all the appearance of being an introduced one in the Philip- 
pines, as it occurs only in the settled areas («/, Flora Malacsia Scr. L VoL 4) ; 
date of introduction to India not known. 

Oxalis pes-^caprae Linn. 

In moist places in gardens, during winter, 

A native of Gape of Good-Hope (Fyson, 1915) ; Raizada (1950) first recorded 
it from the Upper Gangetic Plain. 

Plumbago zeylauica Linn. 

Generally cultivated, sometimes a garden escape. 

African in origin (Ridley, 1930) ; time of introduction not known. 

Sesbauia sesbau Merr. 

In open grounds and also cultivated. 

Duthie (1903) considers it as indigenous to South Africa. According to 
Ridley (1930) it spreads by seeds mixed on rice grains. Time of introduction not 
known. 

Ureua lohata Linn. 

In hedges, and waste places and in gardens. 

Probably an inhabitant of Africa (Ridley, 1930); spreads by its spinous 
adhearing fruits ; introduced before Roxburgh wrote his fiora indica. ’ 

V. AUSTRO-ASIAN 

Indigofera linnaei Ali L enneaphylla Linn. 

In open grounds along with grasses and as a weed in fields and gardens. 

A native of Tropical Australia and Asia (Maheshwari, 1962). 

I. trita Linn. 

In open grounds and as a weed in gardens. 

Indigenous to Tropical Australia and Asia (Maheshwari, 1962). 
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VI. BURMESE: 
Azadirachta indica Jhss. 


and in Vdem f »»«»' »n<i planted along road aide. 

aynrv®St,i'.re’ “ “««»'»"'"»• I. « reeorded in aneien. 

The herbarium sheets representing held collection of plants from Allahabad 

Herhlrhfm°n1^ representing the species discussed here are deposited in the Regional 
Herbarium of the Central Circle, Botanical Survey of India, Allahabad. ^ 

Sumixiary 

Chatterjee (1962) and J. K. Maheshwari (1962) amongst others, have drawn 
our attention to the studies on the ^‘endemic flora’’ and on the ^‘introduced and 
naturalished flora of India, respeotively, van Steenis (1964) is, however, highly 
critical of Maheshwan’s (U,)\ht of naturalised species, considers that many native 
plants have been treated as ‘introduced” and since Maheshwari does not men- 
tion the time at which naturalization took place, van Steenis expresses his 
misgivings on the aim of the paper itself. 


1 own studies under the project “Illustrated Manual of Flora of Allah- 

abad have yielded 299 “indigenous species” and 70 introduced and naturalized 
elements from outside india. The paper presents an analysis of these 70 natur- 
alized species under six categories viz. (t) Neo-tropical— 36 species ; (ii) North- 
temperte~20 species ; (iij) North African and Arabian— 4 species, (iv) tropical 
and South African— -7 species ; (zi) Austro-Asian— 2 species ; (ri) Burmese— 1 species. 

An enumeration of the 70 species under the above six categories together 
with notes on the habitat the species occupies, its source of origin and the time 
of introduction to India, as far as determinable, is appended to the paper. 
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A GLACIOLOGIGAL STUDY OF THE GARHWAL-KUMAUN HIMALAYA 


By 

S. D. KAUSmC 


Head of Geography Department^ Hapur 
[Received on 6th October, 1965] 

Location of the region : 


The Garhwal-Kumaun, Himalayan Region, exists between 29°0'~3I°30' N. 
latitudes, and 77°40'~81°0^ E. longitudes. The area lies between Himachal 
Pradesh and Nepal ; and it comprises the source regions and upper^most systems 
oi all the aflHuents forming the rivers Ganga, Yamuna and Sarda. 


Essentiality of the study of Himalayan Glaciology: 

A study of the glaciology of the Himalayas is desirable for two reasons : 

(1) The Himalayas provide a very typical study in mountain glacierisation, 
with numerous and varied features and characteristics. Such a typical study is 
not present in any other region on the earth : neither in the Alps, nor Rockies 
nor Andes. And the sheet glacierisation of Greenland and Antarctica is quite 
different from mountain glacierisation. 

(2) The rivers of the northern plains of India, which support the major 
part of the population of the country, have their perennial sources in the glacial 
areas of the Himalaya, The continuity of water-supply and its periodic fluctua- 
tions, for irrigation and hydel-power, are controlled not only by rainfall but also 
the snowfall and glacial thaw. 


Glacier groups of the region : 

A vast area of glaciers and glaciated topography exists in the Garhwal- 
Kuman Himalaya, in which the Main Himalaya Range has a good number of 
high peaks—Nanda Devi, Kamet, Mana, Ghowkhamba, Trisul, Badrmath, Sato- 
panth, Dunagiri, Niti, etc. are all above 7,000 meters (23 000 ft.). Between the 
Tons and Kali Ganga, there are about 80 peaks above 6,000 meters (20,000 ft.) , 
and the area all around these peaks consists of mountain glaciers and glacial 
topography. The glaciers of this region are divisible into 8 groups ; 

(1) Yamunotri group. (2) Gangotn-Satopanth group. 

(3) Kamet group. (4) Dhauli Ganga Zone. 

(5) Nanda Devi group. (6) Pindari group. 

(6) Milam group. (^) Panchu group. 

(1) The Yamunotri group consists of the Yamunotri glacier, Jakhli 
and Ghhaian Bamak. It forms the source region of the Yamuna and 
tributary of the former. 

(2) The Gangotri-Satopanth group is the largest ^ ® fP 

area of more than 4,000 sq. km. (about 80 km. length and 51 km. in breadth). 
Bhaeirathi lad Ganga (Jahnavi), Bhillangana, Mandakini, and Alaknanda have 
their sources in this group. It consists of Dudu Bamak, Jaonli Bamak, Khatlmg 
? Inl Bamak Kedarnath glacier, Kharcha Khund, Badrmath glacier, 

& glJ.., Man. gUoier. Bidun and Satopanth 

glaciers. 


Bamak 
Tons, a 
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Glacier- groups of tlie Garbwal-Kuinauii Hlaialava. 


(3) The kamet group includes East kamet, West Kamet andRaikana glaciets. 

Rlaciers on the east and west, both the 

N?ti i Ghangbang, Bagini, Uja Tirche, Girthi, Hoti, and 

Ttanlff^da ' Dhauli Ganga ; while Kankal Bank, Kosa and 

Banke glaciers are on the west of it. 

meters (25,645 ft.), is the highest peak in Garhwal- 
Kumaun Himalaya. The mam glaciers of this group are the Nanda Devi, Trisuli, 
Ivurumtoli, Naodakana^ Betatoli and Rahmani, 

• and Sukeram glaciers feeds the Pindar river, which 

IS a ributary of the Alaknanda. Of these, the Pindari has an easy approach, as 
It lies at comparatively lower altitudes (below 4,000 meters). 

(7) Milam and (8) Panchu glaciers occupy the source regions of the Gori 
Ganga and Kali river. Milam is also easily accessible. 

Snowline : 


There are two altitudinal zones of ice : (i) perennial, and (ti) fluctuating. 
The snow* cover on the ridges is not uniformly thick, because the snow creeps down 
the slopes, and accumulates in the hollows, troughs and valleys. The accumulated 
snow converts into ice by crystal growth under the pressure of successive layers 
of snow at the surface. The lower layers of snow melt, refreeze and compact, 
forming ice crystals. Then, thick masses of ice move as glaciers. In several 
valleys, in this region, the glaciers extend below the snowline, e.|. Rishi Ganga 
glacier, and Kosa glacier of Dhuali Ganga Zone, and Badrinath glacier of the 
Alaknanda Zone. 

In Garhwal and Kumaun, the southern slopes of the Great Himalayan Range 
have the perpetual snowline along the Nanda Devi group, Pindari-Milam groups, 
and Gangotri-Yamunotri groups at about 1,200 meters (4,000 ft.) lower than the 
Kamet group in the rear of the Great Range. The mean altitude of the Gangotri 
glacier is about 4,200 meters (14,000 ft.) and of the Satopanth glaciers is 4,500 
meters (15,000 ft.) above mean sea level. The Pindari glacier lies between 3,600 
and 4,000 meters. 


Length of some important glaciers : 

The important glaciers of this region are 12 to 30 km. long. Their approxi- 
mate lengths are : 


1. North Nanda Devi glacier 

2. South Nanda Devi glacier 

3. Bagini glacier ’ 

4. Kosa glacier 

5. Satopanth glacier 

6. Bhagat Kharak glacier 

7. Gangotri glacier 

8. Kedarnath glacier 

9. Mana glacier 

10. Milam glacier 


... 19 km. 
... 19 km. 
... 16 km. 
... 11 km. 
... 12 km. 
... 20 km. 
... 20 km. 
... 12 km. 
... 20 km. 
... 20km. 


Climatological study of the glaciated zone : 

In this region of high altitudes, there is one summer seasonal meteorological 
observatory at Badrinath, which, however, does not supply data related to the 
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winter months. Records of the Himalayan climbing parties and expeditions 
also contain information about the temperature conditions, winds, snowfall, etc., 
at different altitudes, on different dates ; but, they also do not give any figures 

related to ■winter months* Onl'y rough estimates of siiowfnll, (luting cncli wiiiterj 
in the Himalayan valleys are made by the Meteorology department. 

In the areas above 3.900 meters (13,000 it), there is snowfall not only in 
winter, but also in April, May and June, from the western depressions. Both the 
winter* and spring precipitations clecrt^ase from west to cast. However, the twc» 
vast zones of glacierisation (Bhagirathi-Satopanth group and the Nanda Devi 
group) need a detailed and scientitic study of the meteorological conditions 
throughout the year, for several years. The author has noted that the night 
temperatures even during the summer months of May and June fall below 4*^*0. 
In the daytime, on account of rarefied atmosphere, the sunshine is felt to be 
scorching ; but the wind velocity on the high altitudes is very high, and there are 
blizzards sometimes of the velocity of about 150 km, per hour. The average 
amount of annual snowfall is about 450 ems, in the western part and about 400 
cms. in the eastern part of this region. 

Antecedent troughs and consequent troughs of the Hmalayan glaciers : 

There are two types of troughs occupitxl by tlu^ (existing glaciers, (i) The 
glaciers forming the source regions of the Jad Ganga (Jatmavi), Bliagirathi, 
Alaknanda, Saraswati and Dhauli Ganga occupy antecedent troughs. During the 
Pleistocene glacial age, these glaciers descended down into these anttxcdcnt 
valleys upto 2000 meters’ altitudes. 'I he valleys of these antcc(ulcnt rivers belong 
to an age anterior to the uplift of the Himalayan ranges ; and during the Plcisto-’ 
cene Ice Age, their upper reaches were occupied by glaciers. In the Recent aJid 
Sub-Recent periods the glaciers have retreated on accoiuu of al)latiou. The 
antecedent drainage has survived the mountain uplift, and have maintained their 
channels athwart the axis of uplift. 

(zi) Consequent troughs are occupied by those glaciers which lie at the 
sources of the consequent valleys, e,g, those of Rishi Ganga, Kosa, Nandakini, 
Birehi, etc. Their streams are the tributaries to the antecedent rivers, although 
some of these tributaries too have carved very deep gorges. The Rishi Ganga has 
carved a most terrific gorge, which is yet unscanned by man. 

Mechanism of melt-water : 

The physical and mechanical action of melt-water plays an important role 
in the morphosis and movement of a glacier. Its two important functions are 
(z) to exert the expansive force after refreezing, and (it) to lubricate the ice in its 
movement on the valley floor. 

The upper surface of a glacier consists of comparatively soft sxiow and ice ; 
the middle strata are composed of granular ice, while the lower layers are fully 
compact. On account of the heavy load of accumulating snow-cover on the 
surface, the snow crystals in lower layers become partially melted. This melt 
water trickles down and refreezes into grains of ice. In the bottom layer, the ice is 
so compact, that the percolatioii of even a slight quantity of water between the 
grains and its instantaneous freezing would cause an expansion of ice and move- 
ment of the glacier. 
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Fig. 2. Composition of the different strata of a glacier, and the mechanism of melta-water 
within it. (The vertical scale in the surface layer is’highly exaggerated). 

In the Narayan Parbat glacier, Kedarnath glaciers, and others, there are 
observed shears of ice over stagnant ice, in summer. These shears are formed 
by the expansive force of ice in its granular growth. 

Because of this melt-water mechanism, many glaciers have a faster move- 
ment in summer than in winter, particularly some of those glaciers that are 
occupying south-facing troughs, e g Arwa valley glacier and East Kamet glacier. 
But, it is not a rule, and there are other factors too, which govern the rate of 
glacial movement. 


Glacial movement : 

Glacial movement is a ‘solid flow’ because of the orderly molecular re- 
arrangement in a glacial advance or retreat. The ice being a brittle solid, its 
movement is accompanied by the formation of folds, shear zones, faults and 
crevasses in the body of a glacier. 


The diurnal and periodical movement of the glaciers differs from zone to 
zone. The rate of advance or retreat does not depend merely on climatic changes 
and gravity. 'Ihe following factors control the glacial movements : 

(1) Temperature changes, which affect the amount of snowfall, thaw and 

evaporation. 

(2) Aspect of the slope (sunny or shady) : the total amount of insolation 

received by a glacial valley or trough is governed by the aspect. 

(3\ Mass of ice and snow : winter season has a greater mass of snow and ice 
than the summer; still, the glaciers are observed to move faster in 
summer because of the action of melt-water. However, the total 
amount of ice contained in a glacier affects its movement. Long glaciers 
usually move faster than the shorter ones. 


of snowfall 


(4) Shape of the glacier. 

(5) Degree and gradient of the slope. 

(6) Relief of the valley floor, and the surrounding topography. 

(7) Slope of the upper surface of the ice. 

(8) Wind masses and clarity of the sky, affecting the amount 

and thaw. 

(9) Crustal mobility, tectonic tremors, and seismic influences. 

It h., been noted that there is no „°'ilSS 

of glociers related with the weather cycles. ■Kedarnath group 

Tnd advances. The usual tendency of the Satopanth group and Kedarnatn group 
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glaciers is to move faster in summer than in winter ; but, reversals to this ten- 
dency are also seen in several years, e.g. in 1951 and 1952 in the case of the Badri- 
nath group. 

Even in the same glacier, the rate of movement cliOcrs from snout to the 
middle part, and from the bottom to the top. Such observations were made in 
the Narayan Parbat glaciers. The bottom and lateral parts of a glacier arc checked 
in their movement by the friction against the rocks of the trough. Therefore 
the sides and bottom have a lower rate of movement than the top surface and the 
middle part. If for eight-to-ten or more years, the climate undergoes a bit cooler 
phase, with a reduced melting and evaporation at the snout, then there may 
occur a periodic or accidential advance in the glaciers. 

The diurnal movement of Badrinath and Kedarnath glaciers is about 10 to 
15 cm. In other groups, it ranges between 10 cm and one meter. 

In those glacier valleys, which have undergone a tectonic movement, super- 
ficial and surface moraine keeps the snout and front-ice hidden for one or two km. 



Fig. 3. 


% 

Eastern Kedarnath glacier, which has’rapidly moved back com.em.ent 

uppermost valley of the ’Mandakiiii. 
iina rejuvenated ; and the glacier has pot rctrcatiiigly concealed 

pS - R'-'cent 

(Photo hy Kamhic, 


Glacial topography : 


T.M. — Teiminal Moraine. 
L. M. — - Lateial Moraine. 


The salient features of the glacial topography, in this region, are as follows : 

rTdg7s;^Sam?t?r 

col., 
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These are valley heads of the glaciers. The niches occupied bv 
snowbanks are gradually excavated by the headward erosion of ice. by Lppine 
and frost action. These are mostly amphitheatre-like depressions at tL heads 
of the glaciers. have steep walls on three sides, and on one side there is 

an open outlet for the glacier. The size of a cirque depends on the snowbanks 
which feed the giaciers. Most of the cirques of this region are compound ones. 



Fig. 4. A compound cirque (Cl, G2 and G8) in .the right-half of the landscape, and 
cascading glacier in the centre. A headward glacial erosion by another 
cirque is partly visible in the right-hand bottom corner, in Narayan 
Parbat, above Vasudhara. [Photo by Kaushic) 

T.S. — Truncated spur. 

In Ghawkhamba, Nilkantha, Trisul, Nanda Devi, Duna Giri, Kedarnath and 
Gangotri glaciers there are compound cirques. Nivation takes place arouud 
the lower edges of the permanent snowbanks. Winter freezing and summer 
thawing cause the snow margin to advance or retreat many meters. On a smaller 
scale, the same process takes place during night and day. The rocks disinte- 
grated by this section are removed down, and the cirques are deepened and 
widened. 

U-shaped Glaciers move with their lateral, terminal and ground 

moraines. This morainic matter consists of boulders, rock pieces, stones, gravel, 
sand, etc. ; and it possesses a great chiselling force of powerful tools. When a 
million-ton heavy glacial stream, equipped with an enormous load of erosive 
tools, impinges against the walls and bottom of its valley, it overwhelms and 
erodes away all the rock obstackles. The banks of the trough are grooved, 
scoured, rubbed and polished ; and the glacier valley assumes a U*shape, which 
is different from the V-valley of a river. 
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Fig. 5. A typical example of the U-shaped valley of a glacier: the Bhagirathi gorge at 
Bhaironghat. It was carved ia hard granitic rocks by the Gangotri glacier, which 
has now retreated by ablation. Now, the river Hows in the glacial trough* 

(Photo by Kaushk) 
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Fig. 6, Truncated spurs (with faceted ends of triangular shape), aretes, nunataks. and 
peaks formed by glacial erosion, in the Eastern and Western glaciers of Kedar- 
nath group. {Photo by Kavshic), 

T. S. — Truncated Spur 
Med.M, — Medial moraine. 

Nunataks * — These are rock masses surrounded by ice. A nunatak stands 
between two valley glaciers or two lobes ot ice sheets. It appears to be an island 
in the mass of ice. It is gradually worn away by the lateral erosion and frost 
action accompanied by avalanches. Nunataks are existent in all the glaciers 
of this region (Fig. 6.). 

Aretes*-‘'-lihesc are knife-edged sharp ridges, formed by glacial sculpture. 
They are the products of the continuity of cirque erosion on both the sides ot 
ridges. They are common features througout the glaciated tracts. (Fig. 6). 

Serrated ridges * — They are common above 4,800 meters (16,000 ft.), in the 
Gangotri, Satopanth, Kamet, Narayan Parbat glacier, and Nanda Devi zone. The 
Alkapuri Range, covered with silver-white snow in the Satopanth area, presents 
one of the most beautiful ridges in the world. 

Headward erosion or cirque recession on the two sides of a ridge goes on 
thinning the ridge tops, and the divides are eroded away. Also by frost action 
and gravity, rocks of the narrow divides fall otF, and the topography presents a 
saw-toothed ridge. 
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Fig. 8, A valley glacier with two cascading tributary glaciers, and the serrated crest 
of ridge, in Badrinath group of glaciers. {Photo by Kaushk ) . 

Pyramidal Horn peaks : 

Most ’of the peaks in these glacial tracts are pyramidal horn peaks. Their 
formation is due to the headward recession of three or morts cirqties around a peak. 
These peaks have sharp sides with sharp points at the top. Hornpeaks rising 
above 6,000 meters (20,000 ft.) are the most dominating feature. Satopanth, Shival- 
ing, Nilkantha, Shrikhanda, Chowkhamba and Sumer Peaks are typical examples 
of pyramidal peaks, each one of which is larger than the Matterhorn Peak of 
the Alps, 
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I'ig* 9. Niikantlia Peak in the Satopanth Zone. It is more than 3 times massive as 
compared to the Matterhorn Peak of the Alps. It is sculptured by cirquc-reces- 
sion and lateral enlargement, which narrows and sharpens the central residual 
mass. The peak is yet unclimbed by man. {Photo by Kaushic)* 

Roche Moutonnees.--^Th^Y He scattered at many places in each of the glacier 
zones of this region. Their presence at lower altitudes, about 2,000 meters 
(6,600 ft.), is a proof of the existence of Pleistocene glaciers upto that level. In 
the Bhagirathi valley, such knobs of striated, grooved and polished rocks are seen 
down the source upto Dharali, Harsil and Sukhi. In the Alaknanda valley, they 
arc present upto Pandiikcshwar and a bit below. In the Kedarnath glacier 
valley of the Mandakini, the roche moutonnees are seen to exist upto Munkat 
Ganesh. The onset-ends of these rocks have smooth slopes, which are polished 
by tlic impinging force of ice, while their lee*eads are steep and hackly, accord- 
ing to structure and joint-pattern of rocks. However, on the lee sides, blocks 
are detached by plucking, and rolled forward by moving ice. Glacial erosion 
polishes the mountain slopes, and carves a ‘biscuit board’ topography, in which 
some cirques remain hanging, and some troughs are only partly formed by head- 
ward erosion of melt -water streams. 



Fig. 10. Glacially polished slopes in the Narayan Parbat. in 
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Hanging Valleys : 

Many of these glaciers have got their triluitary gLicicrkS * AUci. tlic mettrng 
of ice, the tributary valleys remain hanging high above She main chaiuid, because 
those tributaries do not possess enough mass of ice to erode thmr v<illcys cflectivc" 
ly down to the level of the main channels* Waterfalls exist at the mouths of these 
tributary valleys. There are several hanging valleys in each of the BhagirathJ, 
Alaknanda, Mandakini and the Dhauli Ganga valleys. 



Fig. 11. Hanging Valley of the Vasuclhara Falls, The Katopanth glacier, which 
occupied the main valley in the I’leistocenc age, 1ms retreated by ablation, 
and the tributary valley of the Vasudhara remains haiigiiig. There is 
a fall of about 450 meters (1 ,500 ft.) . 


{Photo by Kauthic) 

Floods caused by glacial erosion : 

At the snouts of several glaciers of this region, the cnglacial and subglacial 
moraines have joined the terminal moraines. The enormous debris appears to 
have choked the ice-tongue. In every summer, the surface icc of glaciers melts 
by insolation ; and in the rainy season the rate of thaw is highly accelerated by 
the mechanical and solvent action of rainwater. Melt-water flows down the 
crevasses and grooves. An englacial river of the melt flows through a subglacial 
tunnel. It is checked by the enormous dam of terminal moraine. Accidentally, 
in any year, such a dam is broken away by the melt -water, and it results in a 
heavy flood. 
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Fig. 12. Old site of village Harsil, which was swept away by a flood in the Jalandhm 
Ganga (a tributary of the Bhagirathi), caused by an accidental bre ^ of the 
morainic dam of the Jalandhari glacier. (Photo by Kaushtc), 

Deposional features : 

The chief deposional features of glacial topography, in this region, are the 
tillite ridges, talus cones, debris deposited by terminal moraine, lateral moraine, 
medial moraine, ground moraine and surkce cover moraine, boulders, erratics, 
eskers; snow-bridges, dead ice, and bogs. They are exemplified in the sequel. 

There are glaciated pavements in the granitic zone, in the^ upper 

. xt * Alaknanda and Mahdakini valleys. UlQ 


the Bhagirathi, jad Ganga, Saraswati, 


high level moraines indicate the height to which these glaciers had once risen. 
There exists a bank of about 120 meters (400 ft.) high deposit of lateral moral 
above the snout of the Gangotri glacier. 


Fig..l3 Morainic De^o£.s of the 

rsT of melt-water. (Photo hj Kaush,o). 

Deposits by ‘^y^'jj^^JX^Sknand^^ ^alga, the 

the main valleys of the been washed away by the torrential streams of 

Sefe ^Tv«r' The Sub-Recent morains ramain deposited in outskirts 

of the present glaciers. 
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Fig. 14, Lateral inoniinic^ till, deponited by the 
AlakuatuJii glaeicr* in tlic Pleistocene 
age. In tile Kcecot and Snb-Rccent 
agcs« tlie A I ak maud a glacier has re- 
treated to tlic batopanth Zone by 
ablation ;and the fluvial strean s and 
rain have eroded the deposition. 
Alter rejuvenation, the Alaknanda has 
carved alluvial tcio'accH in the tillite, 
between Deo-Defchni and lianuman- 
chalti. ( F/iota by Kmishk ) , 


Outwash^fanspiave been deposited bi the upper courses of tliese glacial 
valleys, by the outflow streams (Fig, 11). 

Boulders , — Glacial boulders of various sizes occur scattered all over the 
glaciated tracts in this region ; some of them are very massive, lujing larger than 
elephants, and some arc small. Where melt-water or rainwater enters the joints 
of rocks, it freezes, and expands to break the rocks. Gravity pulls ilm disintegrat- 
ed rocks onto the glacier surface. Boulders are also detaclied by frost action and 
gravity. Snowslides and avalanches as well bring down waste material onto the 
surface of the glaciers. The rnoviog ice transports these boulders and deposits them 
on the valley floor. The chief feature of these glaciated boulders is that they 
are well polished, grooved and striated. 


Fig, 15, Striated and polished boulders 
remaicing perched on the 
polished bank- wall o) Bhagi- 
rathi gorge, below Gangotri, 
near Bhaironghat, 



Due to the rejuvenation of the Himalayan valleys, the Pleistocene glacial 
troughs have pt uplifted, and their floors are over-strewn with the glacial 

are those of the high altitude pastures 
(above 2,400 meters) of Bhagirathi valley from Harsil to Mukhba, of the Alak- 
nanda valley from Pandukeshwar to Mana, of the Mandakini valley from 
Rambara to Kedarnath. and of the Dhauli valley from Gamsali upwards. 



Fig, 16, Glacial boulders strewn over the Pleistocene glacial trough of the Gangotri 
glacier, above Harsil and below Dharali. {Photo bylKaushic). 

TilUie fan. — Debris consisting of unassorted coarse and fine material is 
deposited by tributary glacial streams in the form of fans, at the bases of ridges 
or on the banks of the main channel. This debris is called till, which is usually 
angular ; but, if it is brought by melt-streams to far distances, it gets rounded. 


w 




Fk 17 A tillitc talus fan deposited by the melt- water stream, from a tributary glacier, 

* in the Gangotri zone. The fan is deposited m the upper reaches of the Bhagi- 

tathi channel, between Gangotri and Gau-Muk. ^ ^ (Photo by Kaushw) 

TiJIitf Tremendous mass of moraine is deposited in the form of tillite 

ridge, 300 „e,er. (1,000 ft.) high Th^ 

of ifnsttatiBed, unassorted, mixed debris of every siae f™” 

to't'he s»ge and histmy of a gS'er” InSstin| example. »f ™h tHUte ridge, are 

Chatti ridge in the Alaknanda valley, etc. 




Dead Ice- — Glacial-deposition consists of not only the dctrilal matter and 
rock waste, but also stagnant icc. Colossal parts of the ice-front get detached 
from the main glacier, by tectonic movements or earllujuakc tremors, which 
cause the ioe-rnass to break off along some crevasse or shear-plane or fai/lt-plane. 
The detached ice-mass remains rested in any synclinal basin or depression on the' 
ground. It continues to lie as stagnant icc and decreases by slow ablation. It 
receives accumulations of snow from the winter precipitation, and it undergoes 
thawing and evaporation during summer. In some places, such masses of dead 
ice are existing as bridges over the head-streams of Alafcnanda, Arva, and other 



ng. 19. existing as a bride over the head-stream of die Alalmamla below 

to dmNa?avan#i"h« ibe VasudharTFaHs S 

Narayan Parbat and Nilkantha tract. {Photo hy Kmishic) 
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hsker scomistmg of gravel and sand have deposited by glacial melt-water 
streams. These long narrow ridges are composed of somewhat stratihed sand, 
siic and gravel. In the area between Narayao Parbat and Ghakra-Tirtha of 
batopanth glacier, there are quite long eskers, where stagnated ice disappeared 
by melting in situ, and also at those places where the glaciers regularly discharge 
mclt-waters hom their fronts in other glacier zones {e.g. in the Mandakini glacier 


I- ■« /■ - 
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Pig. 20. An Eskcr on the left side of the landscape, and the outwash plain of the Pleisto- 
cene and Becent age of the Satopanth glacier,- above the Vasudhara Falls, 
The glacier has retreated in the the Sub-Recent period. {Photo by Kaushic), 

Ablation in the Recent and Sub-Recent Ages : 

Besides the present glacier troughs, there are old glacial troughs, from 
which the glaciers have retreated in the Recent and Sub-Recent periods e,g* 
near Mana above Badrinath, above Ghakra-Tirtha in the Nilkantha tract, and 
above Rambara in the Kedarnath glacier tract. All these old glacier troughs 
are U-shaped valleys, having flat floors and steep banks. 

......... - - ri 
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g. 21. An old’trough of a retreated glacier : a Col, i" ^ana '^a^denld dee^eMd 

melted away by ablation in Recent age. Kaushic.) 

Note the till platform. 
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ExaiMpies of retreat of glaciers in the post'-Vleisioccnc perioiL 


Pleistocene depositiona] and 

Name of the glacier en'osianal feattires are |>reHent^ Present snout at ; 

at lower lcv<ds npio : 


L Gangotri glacier 


2. Kedarnath Glacier 


3, Satoparith glacier 


4, Rishi Gauga glacier 

5. Trisul glacier 


Sukhi, below llarsil ( 23 l(K) 
meters) 

Munkat Ganesh, in the Man- 
dakini valley (i,950 meters) 


Ilaniunan Ghatti, below Ikidri* 
uath, in tlu; Alaknanda 
valley, (2ji50 meters) 

Upto 'Papobatu ( 252(}0 meters) 

Wan Bugyal (2)200 mtUers) 


(Jau Mukhj above 
(h'lngotri (4,200 
meters) 

A1)Ovg GImra Bari 
Tal, 

(4,500 meters). 

Above Vasudhara 
Falls, in (?ibow- 
kharnba zone, 
(4,500 meters) 

Above .Lata, 

(4/2CJ0 meters). 

Present source of 
tlic Nandakini, 
in tile foot-zonc 
of Trisul Peak. 
(4di0u meters.) 


Sub*cycte$ of ablation : 

Deposits of unstratihed till (rock fraapnetUs ol\'ill sizes) (Icposited directly 
by glaciers, and stratilied deposits by subsequent Iluvial transport, indicate that 
there have been sub«cyclcs of ablation, in whicli these glaciers Iiave advanced 
and retreated. Dainclli^ thought that there had been four main glaciations in 
the Western Himalayas, which could correspond to tlic Alpine Mindcl, Riss, 
Wurm, and post-Wurm I. H. de Tcrra*-^ also noted the sequence in tlie Kashmir 
Himalaya, but he dated these successive periods earlier than l)iaricHi did. I he 
present author has noted four successive phases in the Mandakini glacier valley, 
and five successive phases of retreat and advance of glaciers in tlie Satopauth-^Alak-* 
nanda zonc« He proposes to take up tins aspect in a separate paper. 
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Most insects are equipped with accessory glands in both sexes, which are 
held to perform some accessory functions related to the reproductive processes. 
In the bug, Halys dentatus, these glands are impressively well-developed, which 
in itself would seem to , suggest their participation in some vital activity of the 
organism. This work was undertaken to investigate the secretory activity of 
their cells by means of the more precise techniques of cytochemistry, besides the 
routine cytological methods. 


Material a»d Methods 


Specimens of Hayls dentatus were collected from groves at Allahabad during 
the months October— May and were sacrificed immediately on being brought to 
the laboratory. The accessory glands of male specimens were extirpated and 
variously processed. For the demonstration of the Golgi bodies, Weigls method 
(with post'Osmication at room temperature for three days) was used. For the 
study of mitochondria the glands were fixed in Flemming s fluid without acetic 
acid and sections were stained with iron-haematoxyline or acid fuchsm-aurantia. 


PAS reaction for carbohydrates was carried out according to the method 
of Hotchkiss (1948) with and without treatment of the sections with human saliva 
(for identification of glycogen). For the study of proteinaceous o 
following teenniques were used : 

(1) Millon’s reaction carried out according to Baker’s procedure (1956) on 

lormol-fixed paraffin section. 

(2) The mercurybromophenol blue method as employed by Mazia, Brewer 

and Alfert (1953) 

(3) The coupled tetrazonium reaction on formol-fixed paraffin section accord- 
^ ^ ing to Danielli’s (1947) procedure (as given by Pearsc, 1960), 

/^\ Ti,.. /it^itrnfliinrnhpnrene reaction on formol-fixed section according 
^ ^ the proldure otDanielli (1950), without blocking treatment with 

nitrous acid or iodoacetamide, 

(5) The ninhydrin reaction carried out by treating formol-fixed paraffin 

sections with hot ninhydrin, 

(6) The xanthoproteic reaction (Pearse, 1960), 

Chapman (1938), 
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(8) The ferric ferricyanide reaction carried out on formol-fixcd freezing 
microtome section according to the procedure adopted by Oh^vre- 
mont and Frederic (1943). 

For the demonstration of lipoidal material only freezing microtome sections 
were used. The acid haernatin test was carried out on calcium for moFfixed 
material with pyridine extraction according to Baker’s procedure (194G). Stain- 
ing with a mixture of Sudan 111 and IV was carried out according to tlie method 
of Kay and Whitehead (1941). Sudan Black B (Lison and i)agnelie, 1935) and 
Nile Blue sulphate (Cain’s method, 1947 a, b) were also employed. The pcrformic 
acid Sciff reaction was carried out as suggested by Pearsc (1960). The material 
was also tested for ascorbic acid according to Bourne’s technic|ue (193<^) and for 
alkaline phosphatase according to Gomori’s method (1946). 

Observations 

The male accessory glands of Halys dentatus consist of a large number of 
tubules with wide lumina and walls consisting of a single layer of somewhat 
columnar cells. The PAS-positive material of the cell is organised in the form of 
an impressive supra-nuclear network and a smaller network in the infranuclear 
zone facing the lumen of the tubule (figs, 1 & 3). However, the entire PAS*- 
positive material is not included in these formation ; there are small grains, 
cordons and batonetts of similarly reacting material scattered through the cyto- 
plasm. Pjolongcd digestion with human saliva, lasting over half an hour, has 
no effect on these bodies and, so, glycogen may be safely considered to be cxclud** 
cd. Phospholipids and unsaturated lipids are located iu the infranuclear zone 
alone (as described below) and never in the supra nuclear area. Tlie PAS-positivc 
material consists, it appears, of polysaccharides alone (not including glycogen). 

The Golgi bodies, as revealed by WeigPs tecimiciue, occur in the |)ost- 
nuclear area as two or three dictyosomes which may form a network (fig, 11). 
Comparison of PAS and Golgi preparations makes it clear that the Golgi bodies 
react positively to PAS reagents, although the PAS-positivc material is not 
confined to the Golgi zone but occurs elsewhere too. No osmiophil material has 
been detected in the supra-nuclear area, wluch is directed towards the external 
surface of the tubule and which contains the most prominent uctwoik of the 
polysaccharide material. 

The phospholipid material of the cell, as demonstrated by Baker’s acid 
haernatin test, is located exclusively in the postnuclcar zone and occurs at the level 
of the Golgi substance. The phospholipid material consists of discs and cords 
which are interconnected to form a reticulum (figs. 7 & 8). As this material 
stains intense blue following Baker’s procedure, it may be safely considered to 
contain lecithin, cephalin and sphingomyelin (any or all of these) for the other 
substances listed by Baker (1946) are obviously excluded. Nudeoprotcius too 
may be considered excluded on account of the loss of staining following extrac- 
tion with pyridine. From this it also follows that there is no protein-bound lipids 
which would resist the dissolving action of pyridine (Lison, 1953 ; Almeida and 
Pearse, 1958 ; Pcarse, 1960). It is possible that the entire phospholipid content 
of a cell is not preserved by Baker’s formol-calcium fixative as pointed out by 
Pearse (I960), but there is no question that what is fixed and stained in the cell 
by this method is phospholipid. Calcium formol-fixed material stained with 
alcoholic Sudan Black B revealed a somewhat similar reticulum in the same 
position, stained black (fig. 9). No lightly stained brownish elements were 
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detected. Staining with Nile Blue sulphate revealed a large number of granules 
of different sizes scattered throughout the cytoplasm and stained blue (fig. 4). 
These must be neutral fat droplets. In addition to these there was a large patch 
corresponding in position to the Sudanophil material, also stained blue. A 
mixture of Sudan III and Sudan IV, revealed similar granular bodies scattered 
throughout the cytoplasm but formed elements other than these did not appear 
in the Golgi zone (fig. 10). The Golgi zone reacts strongly to Millon’s reaction 
and is brilliantly coloured (fig. 5). The structure so stained is markedly reticular 
in appearance and stands out sharply against the cytoplasmic background, which 
itself shows a slight uniform colouration. The mitochondria are not revealed by 
this technique (or by any cvtochemical technique employed in this work) pro- 
bably because of their extreme fineness. In contrast to this, the application of 
Chbvremont and Fi6deric method resulted in uniformly dense colouration of the 
Golgi zone (fig. 12), which may be taken to indicate the presence of SH-contain- 
ing proteins in this zone. However, away from this area, in the supra-nuclear 
zone also, a small brilliantly-stained body was revealed in some cells. Golgi 
element were never found in this area. Danielli’s coupled tetrazonium reaction 
(which demonstrates tyrosine, histidine and tryptophan — containing proteins) 
revealed a prominent, thick-mesbed, network— like structure which is well differ- 
entiated from the cytoplasmic background. This network lies in the zone wn^e 
the Golgi bodies occur (fig. 6). Ninhydrin, which is thought to react with^ NH^ 
groups to yeild a bluish (or violet) material, did not produce any colouration at 
all in any part of the cell, whether it was employed on fresh, frozen or paramn 
sections. Sakaguchi^s technique for arginine, used according to Baker’s procedure 
(1947), did produce reddish-yellow colouration in the Golgi zone, which however, 
was exceedingly weak and not differentiable from the general cytoplasmic back- 
grounth This was also our experience with dinitrofluorobenzene, which was 
used without any attempt to blocking reations simultaneously to eliminate 
the different groups in a protein with which it reacts. It gave a 
but very faint. The lead acetate method for SS- and SH- containing proteins and 
.h" method to, SH- prCoio. (Pea,.,, I960) 

reaction, at the Golgi leva Althoagh the Golgt P»t ’?ho " ,aDh 

different reagents, it was found impossible lO make convincing micropi o g p 

of such preparations. 

Bromophenol blue stains the Golgi zone positively, but again ^ ” 

not shlrpl/ differentiated from the rest of the cytoplasmic background, which 

also reacts positively. , , 

Ascorbic acid granules are concentrated densely in a single patch ivhic 
anneaVs uniformly black on account oi heavy impregnation (fig. 2). An addi- 

Tnal eompaSely small, patch is found in some 9 ctl,. Asceth.c ac.d .. fouaa 
in the infranuclear zone where the Golgi apparatus is located. 

GomotPscohal. sulphide method 

Se°ew“m“ '^a rSolgi aooc, the teac.i.n was Lund to be vet, weak, 
possibly on account of low concentration of the enzyme. 

No scetetot, ganules have 

o7the“S»c'hemLues.,Lt 

S. r„d^'d^u..%»«a .ICtochemi..,,. 
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EXPLANATION OP FIGUKES 


Accessory gland cells of Halys dentatus. Approximate magiiiiicaliiiii separately indicated 

in each case. 

Fig. 1. A single cell showing polysaccharide material forming a large network in the 
supranuclear zone and smaller figures in the infra “'imclcar region facing the lumen. 
FAS reaction according to the method of Hotchkiss. Connterstained with celcstinc 
blue. (X 3000) . 

Fig. 2. Part of a cell showing vitamin G granules concentrated in two patches* a large 
and a small, in the infranuclear zone. Bourne*s method. (X 3001)). 

Fig. 3. Part of a transeverse section of an accessory gland tulmle showing PAS* positive 
material in the cells. PAS reaction according to the method of HoPdikba, counter » 
stained with celcstinc blue. (X 000). 

Fig. 4. Nile Bluc-staincd material in the poslojuclear zone. 'Phe larger body ropcsponds 
to the Golgi element, besides which, however there are smaller elements stained with 
the dye. Frozen sections stained with Nile Blue sulphate according to the methcKi oj 
Gain. (XSOOj. 

f ig, 5. Part of a cell showini? a proteinaceous body corresponding to the Colgi element in 
the infranuclear zone. Millon’s reaction according to Baker*! procedure. (X ISOD). 

Fig. 0. Proteinaceous network like body in the infranuclear zone. 'rctra7(Uiiiun reaction 
according to DaniclU^s procednre. (X 3000), 

Fig. 7 & 8. Lipoidal material forming a large network in tlm tHKStnmdear zone at the level 
of the Golgi elements* Baker's acid hacmatin test. (X 3000), 

Fig. 9. Transeverse section of a gland tubule srainal with Sudan Black. In sotne cells 
the stained material forms a network in the iio'^truidcar zone at the level of the Golji 
elements. Frozen section stained according to Baker's mctltod. (X BOO) . 

Fig. 10. Frozen section of an accessory gland tubule stained with a mixture of Stulan III 
and IV for neutral fats after Kay ami Whitehead, Nurnerous sudanophil granules in 
all the cells. (X 800). 

Fig. U. Golgi bodies in the post- nuclear zone of a gland cell. WcigUKop.schj with three 
days' post-osmication at room temperature (X 3000). 

Fig. 12. A proteinaceous body in the post nuclear zone. Fcrrlcyanide staining according 
to Ghevremont and Frederick. (X 800). 
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0is€iissi0tt 

Cytochemical tests for lipids, proteins and carbohydrates, besides the usual 
methods for Golgi elements and mitochondria, have shown that in the cells of the 
accessory glands of mature specimens ol Halys dentatus there occur no secretory 
granules --at least for the greater part of the year. Although structurally this 
organ has the appearance of a gland^ it does not seem to be functioning as such. 
It may be that this gland remains quiescent during the nomreproductive period 
and functions only during tne breeding season. 

It is interesting that in the infranuclear region, in the zone of the Golgi 
apparatus, occur bodies bearing considerable resemblance to the Golgi apparatus 
in configuration, but reacting to tests specific for several different substances car- 
bohydrates, lipids, alkaline phosphatase, ascorbic acid and proteins. PAS-positive 
material seems to be, of a certainty, associated with the Golgi substance, but it is 
noteworthy that this material is not entirely confined to the Golgi zone, but plenty 
of it occurs outside this area, and there too it takes on the form of a network. 


That the Golgi apparatus contains different proteins, (or at least amino 
acids), accorbic acid, lipids and alkaline phosphatase in these cells is clearly 
indicated, but it is also indicated that much of the proteinaceous material lies 
outside the figure of the Golgi apparatus though confined to the zone where the 
Golgi apparatus lies. The postmuclear zone contains an area of highly condens- 
ed cytoplasm to which the Golgi appratus and most of the formed proteinaceous 
and other types of elements are confined. This obviously indicates some special 
physiological role of this cytoplasmic zone. The mitochondria, which are fine 
grains and filaments, remain scattered throughout the cell and do not exhibit 
any marked concentration in the Golgi zone. They never swell and do not show 
any other indication of participation in secretory function. 

That the formed carbohydrate, protein and lipid materiab of the cell can 
take on the form of a reticulum is interesting in view of controversy regarding 
the existence and form ol the Golgi apparatus (see Baker 

ever it has to be remembered that the cytochemical tests involve fairly gross treat- 
ment of the cells which have got generally to be fixed and stained, and so the 
.1.' ?«,» inclu.ioa in .he heed and living sme may not be 
very dose. However, about their location there is no reason to entertain any^doubt 
Ind one can be reasonably sure that the Golgi apparatus consists ^^dra^ 
linids proteins, ascorbic acid and alkaline phosphatase. It is unfortunate that 
the cc’lls of the tubules of this gland are so closely cemented that sii^le cells defy 
snHtion ai^^^^ of cells that can be isolated, cannot be profitably 

examined under the phase-contrast microscope. Nevertheless, since preparations 
madi Repeatedly by the cytological and cytochemical methods yield Pc^ticdly 
^ re^ardinff the location of the cytoplasmic inclusions and of the 

dentical g g hardly any variation from cell to cell, worthy of 

“ raurdu^on" . J=o«po.i.i«« .f .h. Goigi mateml »ay 

be considered acceptable in its gross outline. , n i • 

■I’laat nnlvsiccharide material enters into the composition of the Golgi appa- 
Ihatpolysacchar investigators (Schrader and Leuchtenberge^ 

'S . “ebload Ji Cl.rmon, 1952 i 

S;Xacoha“d‘‘.lt;.^“Lc fi^:.^"c..^ .. .ha G.igi .a.a.ia, 

S.ha.agoodpat.on.occursouts.d=...oonfia«.- 

Tarao (1939). in tiic maicuai apparatus, 

tests have elicited positive response at tne levei oi me vju s 
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The association with Golgi apparatus of vitamin alkaline j)liosphatases 
and several other enzymes is well known {ne Bourne niid l‘cwuri, 1964)* 

It is not certain, however, whether in the material iuvestigaitxl, the dilferent 
proteins^ lipids, alkaline phosphatase and vitamin G form an integral part of the 
Golgi apparatus or whether they occur, to some extent, treely in the post nuclear 
zone. 

The absence of any visible evidence of secretory activity in cells supposed to 
be secretory in functionis a puzzling phenomenon and deserves further enquiry. 

Simmiary 

The male accessory-gland cells of the bug, 11 alps defdatus\ have been studied 
by means of the routine cytological techniques for demonstrating the Gnlgi ele- 
ments and mitochondria and also by cytochernical techniques employed for the 
demonstration of proteins, polysaccharides, lipids, vitamin G and alkaline phos- 
phatase. No formed secretory material has been found by means of these methods 
and altogether there is no clearly visible evidence of secretory activity on part of 
these cells* PAS-positive matciial is demonstrated at the lev(d of the Golgi bodies, 
but it occurs also elsewhere iu the cytoplasm. Acid haemal in test indicated 
concentrated lipoidal material in the post nndear zone at the level of (*olgi 
bodies. Similarly, proteinaceous material and vitamin G gramidt^s and alkaline 
phosphatase occur at the level of (folgi bodies. These juoteinaceous, lipoidal, 
and polysaccharide material form net-works. Mitochondria occur as granules 
and filaments scattered throughout the cytoplasm* 
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